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~: 
The most common types of weirs are the broad~rested weir, the sharp~rested weir, the circular-crested 
weir and nowadays the ogee crest weir. Advantages of the cylindrical weir shape include the stable 
overflow pattern, the ease to pass floating debris, the simplicity of design compared to ogee crest design 
and the associated lower costs. Related applications include roller gates and inflated rubber dams. 
In this report, the authors describe new experiments of circular weir overflows, with eight cylinder sizes, 
for several weir heights and for five types of inflow conditions : partially-developed inflow, fully-
developed inflow, upstream ramp, upstream undular hydraulic jump and upstream (breaking) hydraulic 
jump. Within the range of the experiments, the cylinder size, the weir height D/R and the presence of an 
upstream ramp had no effect on the discharge coefficient, flow depth at crest and energy dissipation. But 
the inflow conditions had substantial effects on the discharge characteristics and flow properties at the 
crest. 
Resume: 
Les formes les plus classiques pour les cretes de deversoirs sont : la paroi tlpaisse horizontale, la paroi 
mince, la paroi en forme circulaire, la forme en ogee. Les deversoirs a crete circulaire permettent un 
ecoulement plus stable, facilitant le passage de debris flottants, avec des formes simples de construction 
Ce type de deversoir etait courant a la fin du 19eme siecle et au debut du 20eme siecle, avant !'apparition 
des profiles de type Creager. Des cas relates incluent les vannes roulantes ('roller gates') et les barrages 
en caoutchouc inflates. 
Les auteurs presentent de nouveaux resultats experimentaux, obtenus en Iaboratoire, avec huit rayons de 
courbure, plusieurs hauteurs de deversoirs, et avec cinq types de conditions amonts : ecoulement 
partiellement develope, ecoulement completement ctevelope, presence d'une rampe inclinee, ressaut 
hydraulique ondule en amont, ressaut hydraulique ( cteferlant) en amont. Dans le cadre des conditions 
experimentales, on montre que le rayon de courbure, la hauteur de deversoir et la presence d'une rampe 
n'ont aucun effet sur l'ecoulement. Par contre, les conditions d'ecoulement amont influencent 
considerablement les caracteristiques de 1'ecoulement sur la crete de deversoir. 
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NOTATION 
The following symbols are used in this report : 
Co 
D 
d 
dcrest 
Fr 
g 
H 
HW 
H2 
k 
k' 
discharge coefficient (eq. (4-2)); 
1- circular weir height (m); 
2- drop height (m); 
flow depth (m) measured perpendicular to the channel bed; 
critical flow depth (m); in a rectangular channel : de= M ; 
flow depth (m) downstream of a hydraulic jump (i.e. conjugate depth); 
flow depth (m) measured at the weir crest; 
upstream flow depth (m) of a hydraulic jump; 
flow depth (m) downstream of a sluice gate measured at vena contracta; 
flow depth (m) upstream of the weir; 
flow depth (m) downstream of the weir; 
flow depth (m) at the first trough of an undular jump measured on the channel centreline; 
flow deplh (m) at the first wave crest of an undular jump measured on the channel 
centreline; 
Froude number defined as : Fr = V r.{ifd ; 
gravity constant: g = 9.80 rnJs2 in Brisbane, Australia; 
total head (m); 
upstream total head (m) above crest: HW = H1 - zdam (or HW = H1 - D if the upstream 
channel bed is taken as datum); 
total head (m) upstream of the weir; 
total head (m) downstream of the weir; 
gate opening (m); 
constant of proportionality (see app. C); 
constant of proportionality (see a pp. D); 
IV 
1 
ks 
k' s 
Mo 
N 
p 
Patrn 
Pcrest 
Pv 
Qw 
qw 
R 
Re 
u' 
V 
Vmax 
Vs 
Vs 
v' 
w 
We 
X 
X 
Xdam 
Xjump 
z 
zdam 
zo 
equivalent sand roughness height (m) of the weir invert; 
equivalent sand roughness height (m) of the upstream channel bed; 
Morton number; 
exponent of velocity distribution power law; 
pressure (Pa); 
atmospheric pressure (Pa); 
invert pressure (Pa) at the crest; 
vapour pressure (Pa); 
water discharge (m3/s); 
water discharge per unit width (m2/s); 
curvature radius (m) of crest; 
Reynolds number; 
longitudinal component of turbulent velocity fluctuation (m/s); 
velocity (m/s); 
upstream free-surface velocity (m/s); 
velocity (m/s) of the invert streamline at the crest; 
velocity (m/s) of the free-surface streamline at !he crest; 
lateral component of turbulent velocity fluctuation (m/s); 
channel width (m); 
Weber number; 
distance (m) between !he hydraulic jump front and the weir : X = ~m - Xjump ; 
distance (m) along the channel bottom from the channel intake; 
distance (m) from the channel intake of the cylindrical weir centreline; 
upstream position (m) of hydraulic jump measured from channel intake; 
vertical co-ordinate (m), positive upwards; 
dam crest elevation (m); 
bed elevation (m); 
V 
I- channel slope; HJ hydraulic jump; 
2- (with subscript) kinetic energy correction coefficient (or Coriolis coefficient); lFMD Inflatable Flexible Membrane Dam; 
O:crest kinetic energy correction coefficient of the flow at the crest; 
P/D partially-ileveloped inflow conditions; 
kinetic energy correction coefficient of the upstream flow; UJ undular hydraulic jump; 
head loss (m); WES US Army Engineer Waterways Experiment Station. 
t.z broad-crested weir height (m); 
li boundary layer thickness (m); 
4> angular location on the circular weir invert : 4> = 0 at the crest, 4> < 0 upstream of the crest 
and 4> > 0 downstream of the crest; 
4>sep angular location of flow separation; 
A mean pressure correction coefficient : 
d 
faP ily * dy 
0 A Pw* g * d 
local bottom pressure correction coefficient; 
dynamic viscosity (N.stm2) 
p density (kgtm3); 
CJ surface tension between air and water (N/m); 
Subscript 
crest flow conditions at the weir crest; 
w water flow; 
flow conditions upstream of weir; 
2 flow conditions downstream of weir; 
Abbreviations 
FID fully-developed inflow conditions; 
VI VII 
1. Introduction 
1.1 Presentation 
Waters flowing over weirs and spillways are characterised by a rapidly-varied flow region near the weir 
crest. The flow conditions at the weir crest are critical and act as the upstream control of the chute flow. 
The most common types of weirs are the broad-crested weir, the sharp-crested weir, the circular-crested 
weir and nowadays the ogee crest weir. Advantages of the circular weir shape (fig. 1-1) are the stable 
overflow pattern compared to sharp-crested weirs, the ease to pass floating debris, the simplicity of 
design compared to ogee crest design and the associated lower cost. Circular-crested weirs have larger 
discharge capacity (for identical upstream head) than broad-crested weirs and sharp-crested weirs. 
Cylindrical weirs were common in the late 19th century and early 20th century prior to the introduction 
of the ogee shape. During the 19th century, developments in improving weir discharge capacity lead to 
the design of circular-crested weirs (e.g. work ofH.E. BAZIN1, in France). In the early 20th century, the 
ogee shape was introduced : e.g., the Creager profile2 (CREAGER 1917), the Scimemi profile 
(SCIMEMI 1930). 
More recent applications include roller gates and inflated flexible membrane dams (IFMD). Roller 
gates3 are hollow metal cylinders held in place at each end by concrete piers. They can be raised to allow 
the flow underneath. For small overflows it is not economical to lift the gate and overflow is permitted. 
Large roller gates were built in Germany during the late 19th and early 20th centuries. WEGMANN 
(1922) and PETRIKAT (1958) presented several photographs. Large gates (built in the first half of the 
20th century) are still in use in USA and several new roller gates have been installed recently in Japan. 
Inflated flexible membrane darns are a new form of weir. They are also called rubber dams. They are 
used to raise the upstream water level by inflating the rubber membrane place across a stream or along a 
weir crest. During large floods, the dam is deflated. Small overflows are usually allowed without dam 
deflation and the overflow characteristics are somehow similar to that of circular weirs (ANW AR 1967, 
CHANSON 1996). These are nevertheless special areas of interest and need to be researched on their 
IHenri Emile BAZIN (1829-1917), French hydraulic engineer who worked with H.P.G. DARCY at the beginning of 
his career. 
2Interestingly CREAGER developed his ogee crest profile based on sharp-crested weir experiments performed by 
H.E. BAZIN (1888-1898). 
3Aiso called cylindrical gates or rolling dams (WEGMANN 1922). 
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own. h teristics of cylindrical weirs are re-investigated, a particular emphasis 
dy the c arac 
In the present stu , .. 
f the upstream flow conditions. 
. t)le effects o 
betng 
0 
I s 
· th tudy of cyliudrical weirs come from the following groups : 
' (M.UCIC!'S Ill CS 
rclevnnt P•' 
The 1 constanlS : the pressure above the flow P atm (Pa), the temperature of 
rt ~ and phystca rope ,...., 
(A} Flttid p ' t of wn tcr p (kgtm3), the dynamic viscosity of water IJw (N.s/m2), the 
(J<) t}tC denS\ Y IV 
l nd w:ucr , a r 0 • ~ (N/m) the vapour pressure at the experiment temperature Pv (Pa), and 
. n of air and watt:r v , 
'·CC tCliSJO ~rw 2 
. r gravity g (nt!s ) . 
. let1111Qn o 
the nCCC • bed slope Cl, the channel width W (m), the roughness of the channel bottom 
I geOJliCliY . tbe (B) CbaJlllC 
ks' (Ill)· 1. dcr radius R (m) the crest height above channel bed D (m), the weir etrY : thC cy Ill , 
• Wcir geoiD . 
(Cl , or absence of nappe ventilation (on the downstream face), the weu 
roug)uless ks 
(ID), the presence 
P
sucatn ramp) (fig. 2-l). 
,cm' (e:s. u 
geon J . tltc upstream now depth d I (m), flow velocity V 1 (rnfs) (or discharge per 
an' now propcrt es . (!)) upstre< 
2 th ype of inflow conditions (e.g. partially- or fully-developed), the boundary (m /s)), e t . . 
' t width q,, 
0111 n· ally-developed inflow conditions, the characteristics of the upstream flow 
0 (In) for pa 1• In •er thickness . . , ' ) . 1. 1 1U1d htcrnl components of the turbulent velocity fluctuatiOns u I and v 1 (c g. 1ong1U1d na ' 
turbulenc:c . 
(m/S)). · . a1 al . . Id . 
11 the above parameters, dtmenston an ysts yte s . 
. into account a 
Tald0g , o, g, a, W, ks'· R, D, ks, V1, d1, o, ... ) = 0 
FJ(Patnv Pv• Pw• ~ 
1 nwnbers Dimension css . 
. ive the following dimensmnless numbers : 
bOve vanables g rhea , 
. geometric variables a, W /R, ks /R, 
• the dirnensionJess 
. haracteristics D/R, ksfR 
-the wetr c 
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(I-1) 
-the Froude number" Fr = q~, 
- the Reynolds number Re = Pw * qwi!Jw, 
-the Weber number We= Pw * qw 2t(cr * R), 
-the cavitation parameter <Patm • Pv)I(Pw*qw21R2), 
-the dimensionless upstream flow variables d1/R, o/dr .... 
Note that any combination of these numbers is also dimensionless and may be used to replace one of the 
combinations : e.g., one parameter can be replaced by the Morton number Mo = (g * IJw 4)/(Pw * CJ3) 
since: 
(1-2) 
The Morton number is a function only of fluid properties and gravity constant. For the same fluids (air 
and water) in both model and prototype, Mo is a constant. 
From the above considerations the relationship ( 1-1) may be rewritten in terms of dimensionless 
parameters : 
( 
W ks' D ks Patm·Pv d1 o ) 
F2 a. ;R ;R;R; R,Fr; We ;Mo; 2 ; R; d; ... = 0 Qw 1 
Pw*";2 
(1-3) 
I 3 Structure of the report 
The authors investigated the overflow characteristics of circular weirs in laboratory for a wide range of 
parameters : the cylinder radius (8 sizes), the weir height (2 < D/R < 9), the upstream flow conditions 
(upstream ramp, partially- and fully-developed inflow, upstream hydraulic jumps). The experimental 
setups are described in section 2. The results are presented in sections 3, 4 and 5. Discussion and 
comparisons with other studies are presented in section 6. All the experimental data are given in 
appendices A and B. Appendices C and D develop new formulations of the discharge coefficient and 
flow depth at crest as functions of the flow parameters . 
4Aithough the Froude number was named after the Englishman W. FROUDE, several French researchers used the 
dirnensionless number beforehand. DUPUIT ( 1848) and BRESSE (1860) highlighted the significance of the number 
to differentiate between sul>- and super-critical flows. BAZIN (1865) confirmed experimentally the findings. 
Ferdinand REECH introduced the dimensionless number for testing ships and propellers in 1852. The number is 
called the Reech-Froude number in France. 
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Fig. 1-1 - Sketch of a circular cylindrical weir 
weu 
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2 Experimental apparatus 
2.1 EJg?erimental channels 
New experiments were performed in four channels to investigate a wide range of geometry and inflow 
conditions (table 2-1, app. A). 
The first channel (channel Tl) is 0.301-m wide and 12-m long. It is horizontal and the sidewall height 
is 0.5-m. Both the bottom and sidewalls are made of perspex panels (2-m long). The intake is a smooth 
three-dimensional convergent section of elliptical shape. The cylindrical weirs were placed 8-m 
downstream of the channel entrance. 
The second channel is a horizontal flume (channel OI) and the cylindrical weir was placed at the crest of 
a broad-crested weir. The flume is 3.05-m long and 0.25-m wide, the bottom and sidewalls are made of 
glass panels (3 .05-m long), and the sidewall height is 0.18-m. The broad-crested weir, made ofperspex, 
is located 0.95-m downstream of the channel intake. The sill height is 0.0645-m, the horizontal crest 
length is 0.425-m and the crest has a rounded upstream edge (28-mm radius) and a tapered downslope 
(concave upwards) (fig. 2-1 and 2-2A). Further details on the channel were reported by ISAACS (1981) 
and CHANSON (I995a). 
Another flume <channel OH) is a 20-m long channel of uniform rectangular section. The channel width 
is W = 0.25 m and the sidewall height is 0.255 m. Both walls and bed are made of glass panels (1.25 m 
long each). The channel is supported on an elevated steel truss which spanned between main supports 
located at the upstream end and 14 m downstream. The channel slope is adjustable with a geared-lifting 
mechanism. Regulated flows are supplied from a constant head tank feeding an inlet transition to the 
channel with a three-dimensional smooth convergent section. During all the experiments, the cylindrical 
weirs were placed on the channel bed and the axis of the cylinders was located 11-m downstream of the 
channel intake. For such a location the upstream flow was fully-developed for all experiments with a 
mild slope (series QIIA) or exhibited an undular hydraulic jump for experiments with steeper slopes 
(series QIIB) (fig. 2-1, 2-2B and 2-2C). Further details on the channel were reported by ISAACS and 
MACINTOSH (1988) and CHANSON (1995a). 
A series of experiments were performed in a 3.20-m long flume of uniform rectangular section~ 
Qlli). The channel is horizontal and 0.25-m wide, and the sidewalls are 0.30-m high. Both walls and 
bed are made of glass (3.20-m long panels). Regulated flows are supplied through an adjustable vertical 
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sluice gate. For some experiments, the sluice gate was fully-opened and the flow was subcritical in the Table 2-1 - Summary of experimental flow conditions 
whole channel (experiments series QIIIA). With fully-opened gate, the upstream flow conditions were 
disturbed because of poor performances of the calming section. During another series of experiments Geometry Slope a qw dl D Inflow Remarks 
deg. m2/s m m conditions 
(series QIIIB), the sluice gate opening was set between 20-mm and 80-mm. The experimentally observed ~I) ~2) (3l (4l (5) (6) (7) 
Channel Tl Horizontal channel (W = 0 301m). 
values for the coefficient of contraction (i.e. vena contracta) were equal to about 0.6. Such observations Scdcs TIA Blld 0 P/Dand Vertical perspex support (10-mm 
TIB F/D thick). 
are very close to the VON MISES' (1917) solution for the no-gravity case. For all experiments in 0.011 to OJ93 to 0.154, 0.204 Cylinder No. A 
0.074 0.362 & 0,254 
channel QIII, the cylinders laid on the channel bottom and their axis was located 2.55-m downstream of 0.008 to 0.183 to 0.154, 0 204 Cylinder No. B. 
0 071 0 352 & 0.254 
the sluice gate, the horizontal channel ending with a free-overfall. Further details on channel QIII were 0.011 to 0.194 to 0.154, 0.204 Cylinder No. C 0.076 0.359 & 0.254 
reported by CHANSON and QIAO (1994) and CHANSON (I995b). 0.001 to 0.181 to 0.154, 0.204 Cylinder No. D. 0.072 0,359 & 0.254 
Each flume is supplied with recirculating water supplied by a constant head tank. 
Scdes TIC 0 Ramp 3Q·I!~gree UQstream ram(l. 
0.003 to 0.173 to 0.154, 0.204 Cylinder No. A 
0.073 0.3565 & 0,254 
0.006 to 0 183 to 0.154, 0.204 Cylinder No. B. 
0.072 0.3545 &0.254 
2 2 The cylindrical weirs 
0.005 to 0.176 to 0. 154, 0.204 Cylinder No. C. 
0.075 0.3535 & 0.254 
0.005 to 0.185 to 0.154, 0.204 Cylinder No. D. 
Altogether eight different cylinders were tested (table 2-2). 0.073 0.3495 &0.254 
Channel QI Weir B[Q~I!-<:rested weir chann~l (6z = 
Four cylinders were made of PVC pipes. They could be supported by vertical perspex supports (10-mm 0.0.0645 m, W = 0.25 m). 
Series QJ 0 0.0005 to 0.154 to 0.0835 
thick) of various heights. The PVC cylinders were slitted and slided over the perspex plate. 0.005 0.172 
Channel QII Long tilting flume (W- 0.25 m). 
Four models of cylindrical weirs were built in hollow concrete (fig. 2-3). Each cylinder was surfaced Scdes QIIA 0.191 F/D Mild slope experiments, 
0.0008 to 0.09 to 0.0835 Cylinder No I. 
with two coats of winding vernish and the surface finish was extremely smooth. The tolerance on the 0.04 0.15 0.0008 to 0.11 to 0.1048 Cylinder No. 2. 
outside diameters was 0.4 mm (i.e. 6D < 0.4 mm). Each cylinder was equipped with a groove (12-mm 0.12 0.23 0.002 to 0.16 to 0.1509 Cylinder No. 3. 
0.06 0 235 
deep, 5-mm wide) to facilitate the installation of rectangular deflectors. 0.0009 to 0 24 to 0.2332 Cylinder No. 4. 
0.004 0.25 
Series QIIB 0.191 to UJ Steep slope experiments Undujar 
0.97 h~draulic jumQ UQstream of weir. 
Remarks o 004 to 0 096 to 0.0835 Cylinder No. I. 
0.040 0.151 
The downstream face of the cylindrical weirs was not ventilated in all experiments. 0.085 to 0,127 to 0.1048 Cylinder No. 2. 0.035 0 169 
No free-falling nappe ('Jumping off'' the weir) nor air cavity was ever observed with the cylindrical Channel QIII Horizontal channel (W- 0.25m). Sedes QIIIA 0 P/D Sluice gate fully-opened. 
weirs laid on the channel bottoms (e.g. experiments series QII and QIII). When the cylinders were 0.0013 to 0 24 to 0.2332 Cylinder 4. 0.027 0 30 
supported (e.g. experiments series T1A, TlB and TIC), separation on the downstream face was 
Series Q!IIB 0 HJ HYl![i!l!!ic jumQ UQstream Q(weir. 
0,05 to 0,186 to 0.1048 Cylinder No 2. Sluice gate openings: 
0.14 0.254 h0 = 0 02, O.D3, 0.04, 0.05, 0 065 
sometimes observed (for a small number of experiments). and 0.08 m. 
Notes: 
Cylinder characteristics are described in table 2-2. 
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Inflow conditions : F/D = fully-developed inflow; P/D = partially-developed inflow; Ramp = upstream 
ramp (30-degrees); Weir = cylinder located on a weir crest; HJ = upstream hydraulic jump; UJ = 
upstream undular hydraulic jump. 
D : weir height; W : channel width. 
Table 2-2 - Cylindrical weir characteristics 
Cylinder No. Reference radius 
R(+) 
(m) 
I) (2 
A 0 07905 
B 0.0671 
c 0 05704 
D 0,0290 
I 0 04175 
2 0.052375 
0.0754375 
4 0.116575 
Note : (+) : curvature radius at crest 
Remarks 
(3) 
Cylinder made of PVC pipe. 
Cylinder made of PVC pipe. 
Cylinder made of PVC pipe. 
Cylinder made of PVC pipe. 
Cylinder built in concrete with a hollow core. 
Cylinder built in concrete with a hollow core. 
Cylinder built in concrete with a hollow core. 
Cvlinder built in concrete with a hollow core. 
During a very small number of overflow experiments (series QI, QII and QIII), sidewall effects were 
observed at nappe separation. In such rare cases, "end plates" were placed downstream of the cylinders 
along each sidewall. The end plates acted as vein guides, limiting the sidewall disturbances to a narrow 
region between the walls and the plates. The distance between one sidewall and the corresponding end 
plate was about 30-mm. Most experiments were performed without end plates as the sidewall effects 
were visually small (fig. 3-2B). 
2.3 Instrumentation 
The water discharge was measured either by a volume-to-time measurement using a calibrated 300 L 
tank (channels QI and QII) or by a 90-degree V-notch weir (channels Tl and QIII) . The percentage of 
error is expected to be less than 5%. 
The flow depths were measured using a pointer gauge. For the experiments series Tl, the accuracy on 
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flow depth measurement was 0,2-mm. For the experiments series QI, QII and QIII, the pointer gauge 
was connected to a Mitutoyo™ digimatic caliper (Ref. No. 500-171), and the error on the flow depth 
was less than 0.1-mm 
The pointer gauges were rail-mounted and the distance along the flume from the channel entrance was 
measured with a metre line; the error was 1\.x < I mm. 
In addition photographs were taken during the experiments and used to visualise the flow patterns. 
Comments 
For each experiment. the total head was deduced from the bed elevation measurement and the flow 
depth data as : 
2 
qw 
H = z0 + d * cosa + _...:.;.:c.__ 
2 * g * d
2 (2-1) 
where z0 is the bed elevation, qw is the discharge per unit width, d is the flow depth and a is the bed 
slope. 
Note that, before the experiments series QI, QII and QIII, the longitudinal bed profile of each flume was 
checked by filling the flume with water (in absence of flow rate). The free-surface being perfectly still, 
the bottom elevation was recorded every I 0-cm. The survey was particularly important for an accurate 
estimate of the upstream total head during the experiments series QIIA and QIIB in the tilting flume 
QII. 
2.4 Experimental procedures 
Several series of experiments were performed in the four flumes for a wide range of flow rates and with 
various inflow conditions (table 2-1). 
Experiments series TIA and TIB investigated the discharge characteristics of cylindrical weirs in a 
horizontal channel with various support heights. Experiments series TIA and TIB were performed 
independently. The inflow conditions were partially-developed and fully-developed. Experiments TIC 
extended the results to include the effects of a 30-degree upstream ramp and they were performed at the 
same period as experiments series TIB. 
Experiments series QI described the overflow of a cylindrical weir located on a broad-crested weir. The 
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flow conditions are comparable to a roller gate or rubber dam placed at the crest of a weir (with 
horizontal flat crest). 
Experiments series QIIA and QIIB were performed in the tilting channel QII with different bed slopes : 
mild slope (series QIIA) and steep slopes (series QIIB). For the mild slope experiments, the inflow 
conditions were subcritical and fully-developed. During the steep slope experiments (series QIIB), an 
undular hydraulic jump took place upstream of the weir. The location and characteristics of the jump 
were controlled by the flow rate, bed slope and weir height. Visually, the presence of an undular 
hydraulic jump and the resulting free-surface undulations (downstream of the jump front and upstream 
of the weir) were observed to affect substantially the overflow pattern above the cylinders. 
The overflow characteristics of a large cylinder (cylinder 4) were further investigated in the channel QIII 
(experiments series QIIIA). The inflow conditions were partially-developed. In the same flume (channel 
QIII), experiments series QIIIB investigated the effects of (breaking) hydraulic jumps upstream of a 
cylindrical weir. The characteristics of the jump were controlled by the gate opening, flow rate and 
overflow properties of the cylinders. 
Fig. 2- I - Sketch of the experimental channels and main definitions of symbols 
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Fig. 2-2 - Photographs of the experiments 
(A) View of channel QJ and of the broad-crested weir (without cylinder) - Flow from the right 
(foreground) to the lefi (background) 
(B) Side view of cylinder No. 2 in channel QII -Flow from the left to the right 
qw = 0,026 m2/s, W = 0.25 m, R = 0,0524 m, Co = I 35, HWIR = I 
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Fig_ 2-2 -Photographs of the experiments 
(C) Top view of cylinder No. 2 in channel QII -Flow from the left to the right 
Same now conditions as lig. 2-2(C) - Note dye injection upstream or the cylinder on the channel 
centrcline 
Fig 2-3 -Photographs or the cylinders I to 4 (cylinder I on the right, cylinder 4 on the left) 
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3. Experimental results : flow patterns 
3 1 Presentation 
Experiments were performed in four different flumes (channels Tl, QI, QII and QIII) with eight cylinder 
sizes (table 2-2) and for five types of inflow conditions (table 2-1) (see section 2). The experimental 
results are regrouped in the following order: flow patterns (section 3), discharge coefficients (section 4), 
and other experimental results : e.g., flow depth at crest and energy loss (section 5). The results are 
further discussed and compared with other studies in section 6. 
Full details of the experimental data are reported in the appendices A and B. 
3 .2 Flow patterns 
Circular weirs without support 
Considering a cylindrical weir sitting on the channel bed (i.e. without vertical support) (e.g. fig. 2-2 and 
3-2), the flowing waters at low-to-medium overflows (i.e. HW/R < 1.6) are subjected to: 
-a rapid change in streamline .:flrection upstream of the weir, 
- nappe adherence on the downstream face of the cylindrical weir, and 
- nappe separation near the downstream bottom of the weir. 
These features are illustrated on figures 2-2, 3-1 and 3-2. 
Dye injection at various depths upstream of the weir showed that the change of streamline direction 
occurs shortly upstream of the weir : i.e., at a distance of about one to two weir heights. The flow 
redistribution is sometimes associated with the development of helicoidal vortices with horizontal axis 
along the upstream base of the weir (e.g. fig. 3-3A) and by sidewall vortices of irregular shapes along 
the upstream face of the weir (near the wall). 
As the waters pass over the dam crest, the nappe free-surface remains smooth and clear, and the falling 
nappe adheres to the weir face (fig. 2-2 and 3-2). This phenomenon (i.e. the two-dimensional nappe 
flowing past the convex curved wall and adhering to the wall) is called a Coanda1 effect. It is !lQ1 related 
to gravity but it results from the superposition of two hydrodynamic phenomena. First the convex 
1Named after Henri COANDA, Romanian scientist, who patented first the Coanda effect (COANDA I 932 ). 
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curvature of the wall imposes a modification of the pressure field within the nappe, inducing a suction 
pressure on the wall. The second effect is related to fluid entrainment into the nappe by turbulent 
mixing. The induced flow is directed towards the jet and leads to a force on the body normal to the flow 
direction2. The resulting Coanda force acts on the wall surface in a direction normal to the flow 
direction and it induces the nappe adherence (fig. 3-1) (see CHANSON 1996 for a complete review). 
On the lower (downstream) quadrant of the cylinder, the nappe continues to adhere to the cylinder wall 
despite the gravity effect opposing the Coanda force. Near the weir bottom, nappe separation takes place 
(fig. 3-1). Usually the nappe separation occurs at the weir bottom because of the presence of the channel 
bed. In some particular flow conditions, nappe separation might take further upstream, unconnected 
with the channel bottom : this process is not yet fully understood (CHANSON 1996). 
Circular weirs with support 
For circular weirs with a vertical support, similar flow patterns were observed as for weirs without 
support. A main difference was that, at large ratio head on crest to radius, nappe separation was 
observed on the downstream face of the weir (before the nappe reached the downstream face of the 
support). Such a separation occurred in absence of nappe ventilation. Unfortunately the characteristic 
conditions for nappe separation were not recorded at the time. 
It is worth noting that SARGINSON (1972) observed a similar behaviour with ventilated nappes (table 
6-1) : i.e., nappe separation on the downstream weir face for the ratio head on crest to radius exceeding 
a critical value (see section 6). 
3.3 Discussion 
Suction pressure at the wall and the resulting nappe adherence causes the streamlines to become more 
curved and the flow velocity to become higher. For that reason, the discharge coefficient of circular weir 
is greater than that of sharp-crested weir and broad-crested weir (see section 4). A study (ESCANDE 
and SANANES 1959) showed further that suction along the crest invert may contribute to an increase in 
discharge by more than 15 to 20%. 
2This process is also called Chilowsky effect. 
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Some researchers investigated the hydraulics of circular weirs (e.g. SARGINSON 1972, ROUVE and 
INDLEKOFER 1974) and noted also the nappe adherence on the downstream weir face. Observations 
indicated further that nappe ventilation helped the separation of the nappe. Another study (CHANSON 
1996) proposed an analytical method to predict the wall suction pressure. 
TaJJwater effects at large overflows 
At very-large overflows (typically HWIR > 2), the present study showed that (I) cylindrical weirs 
without vertical support tended to act as an obstruction (i.e. bluff body) rather than a weir and (2) 
circular weir with large support height tended to behave as sharp-crested weirs. 
Further the tailwater conditions affected the overflow pattern. For large overflows, nappe separation and 
flow recirculation was sometimes observed in the upper quadrant of the weir using dye injection (fig. 3-
2C and 3-3). On figures 3-3B and 3-3C, the flow patterns are sketched for two particular flow 
conditions. Note that tailwater effects were previously mentioned by PETRIKAT (1958, 1978) who 
reported full-scale tests performed on a cylindrical weir (R = 1.75 m, W = 25 m) during large overflow 
(H 11R = s, (d rd2)1R = 1.8). 
For circular weirs with vertical supports, nappe separation was clearly observed at very-large overflows. 
And, visually, the flow pattern looked similar to the overflow pattern of a sharp-crested weir. 
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Fig. 3·1 -Basic flow patterns of low overflow above a circular weir without vertical support 
Fig 3-2. Photographs of the cylindrical weirs 
Circular 
cylinder 
Nappe 
adherence 
/, 
(A) Channel QII, Cylinder 2 (R = 0.0524 m): qw = 0.015 m2/s, W = 0.25 m, a= 0.71 deg, Co = 1.28, 
d /d = o 96 HW/D = 0.345 -Flow from the left to the right. Note the end plates on the right. crest c · • 
3·4 
Fig. 3·2 ·Photographs of the cylindrical weirs 
(B) Top view- Flow from the left to the right - Same 1low conditions as (A) 
(C) Channel Qll, Experiment series QJJB, Run RMI-[63]: cylinder 2 (R = 0.0524 m), qw = 0.015 m2/s, 
W = 0.25. m, a= 0.57 deg, Co = 1.23, dcrestldc = 0.99, HW/D = 0.350 ·Flow from the left to the right. 
Note dye injection highlighting flow recirculation region near the location of nappe separation 
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Fig. 3-3 - Sketches of particular flow patterns 
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4. Experimental results : discharge coefficients 
4.1 Introduction 
In open channels, maximum flow rate is achieved at critical flow conditions (BELANGER !828). 
Considering an ideal-fluid flow over a weir in a rectangular channel, the maximum discharge per unit 
width at a weir crest equals: 
(
2 )3/2 
qw = i{g • 3 * (HI - zdam> ideal fluid flow (4-1) 
// where g is the gravity acceleration, H 1 is the upstream total head and zdam is the weir crest elevation 
(see fig. 2-1). Equations (4-1) derives from the Bernoulli equation assuming hydrostatic pressure 
distribution at the crest 
In practice the observed discharge differs from equation (4-1) because the pressure distribution on the 
crest is not hydrostatic and turbulent losses occur. Usually the flow rate is expressed as : 
(
2 )3/2 
qw = Co * i[g * 3 * <Ht- zdam> (4-2) 
where Co is the discharge coefficient. 
Basically Co is the ratio of the observed flow rate to the ideal discharge (eq. (4-1)). It equals unity for a 
broad-crested weir. 
4,2 Exoerimental results · general trends 
Experimental observations of discharge coefficients are reported in figures 4-1 to 4-6. 
Figure 4-1 presents the discharge coefficient as a function of HW /R where HW is the upstream head 
above crest : 
HW = H1 - zdam (4-3) 
and R is the curvature radius of the crest (table 2-2). 
Figure 4-1A shows experimental data obtained with four cylinder sizes, with and without vertical 
support and no upstream ramp (channel Tl, series TIA and TIB). Figure 4-IB presents data for four 
cylinder sizes with experiments series QIIA, QIIB and QillB (channels QII and QIII). 
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Fig. 4-1 - Discharge coefficient CD as a function of the dimensionless upstream head above crest HW 1R 
(A) Channel Tl, experiments series TlA and TlB (table 2-1) 
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The results indicate consistently an increase of the discharge coefficient with increasing dimensionless 
head above crest. The data show also that the discharge coefficient is mostly larger than unity : i.e., for a 
given upstream head, the discharge on a circular weir is larger than that on a broad-crested weir. 
The scatter of the data on figure 4-lB suggests further different discharge characteristics for different 
types of inflow conditions. Such results could suggest potential scale effects if the inflow conditions are 
not properly reproduced in models. 
4 3 Effect of the circular weir height D 
Experiments Tl were performed with several cylinder support heights (table 2-1). The experimental data 
are shown on figure 4-2 (experiments series TlA and TlB, without upstream ramp). 
Basically all the experimental data (series TlA and TlB) can be regrouped into two categories and 
curves: 
-for no or low vertical support heights on figure 4-2A, and 
-for large support heights on figure 4-2B. 
An analysis of the channel geometry and upstream flow conditions indicates that, for no and low support 
heights (fig. 4-2B), the data corresponds to fully-developed upstream flow conditions. And the data for 
large support heights were obtained with partially-developed inflow conditions : i.e. , o/d1 < 1 where o is 
the boundary layer thickness and d 1 is the upstream flow depth . 
The data shown on figure 4-2A are best fitted by : 
(
H
1
_0 )0.1358 
CD = 1.1854 * -R- fully-developed inflow and 0.45 < (Hl-0)/R < 1.9 (4-4) 
with a coefficient of correlation of 0.972 and where D is the weir height (i.e. HW = H1 - D). For 
partially-developed inflows, the data (fig. 4-2B) are best correlated by : 
CD = 1.2676 * ~~ 0r1811 partially-developed inflow and 0.35 < (Hl-0)/R < 3.5 (4-5) 
with a 0.984 normalised correlation coefficient. Both equations (4-4) and (4-5) are reported on figure 4-
2. 
Figure 4-2 indicates that the discharge coefficient of circular weirs is affected by the inflow conditions. 
Further, for a given type of inflow conditions (i.e. partially-developed or fully-developed), the cylinder 
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size R and the support height D haye no effect on the discharge coefficient. Fig. 4-2 • Discharge coefficient of circular cylinders : effect of the vertical support height 
Note that, for experiments series TIA and TIB, the flow conditions corresponding to the transition (B) Experimental data for large support heights and partially-developed inflow conditions (experiments 
between equations (4-4) and (4-5) are summarised in table 4-l They are related to the upstream 
series TlA and TIB) 
boundary layer development and upstream flow depth, and not to the weir height or crest radius. 
1.45 ~ Experiments series TIA and TIB 
Ill 
Table 4-1 - Flow conditions at transition between partially-developed and fully-developed inflow 
conditions in experiments series Tl A and TIB (vertical support, no upstream ramp) 
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series TIA and TIB) 
4. 4 Effect of upstream ramp 
Experiments series TIB and TIC were performed specifically to investigate the effect of an upstream 
1.45 Experiments series TIA and TIB ramp on the discharge characteristics. The results are shown in figure 4-3 where the discharge 
coefficient for the experiments series Tl C with the 30-degree upstream ramp is compared with equations 
1.35 
(4-4) and (4-5) (experiments series TIA and TIB, no ramp) . 
1.25 • Cyl. A(DIR=1.9) Figure 4-3 shows a broader scatter for the experimental data with ramp than for the experiments without 
0 Cyl A (DIR=2 6) 
1.15 & 
ramp (fig. 4-2). Overall the experimental results suggest that the upstream ramp has no or little effect on 
Cyl B(DIR=23) 
1.05 -
{', Cyl. B (DIR=J.O) the discharge capacity of circular weirs. Previous studies (e.g. MATTHEWS 1963, VO 1992, table 6-1) 
• 
.· 
Cyl C (D/R=2.7) reported a similar conclusion . 
0 95 0 Cyl. C (D/R=3.6) Although an upstream ramp does not improve the discharge coefficient, the ramp can facilitate the 
EQ. (4-4) 
0.85 EQ. (4-5) 
passage of large debris (e.g. ice, trees) and it must be recommended in natural streams where floating 
debris are common. Also, in natural rivers with sediment transport, siltation upstream of the weir could 
0.75 
0 05 1.5 HW/R 2 2.5 3 form a pseudo-ramp upstream of the weir. 
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Fig. 4-3 -Discharge coefficient of circular cylinders : effect of the 30-degree upstream ramp 
Comparison between experimental data with upstream ramp (experiments series Tl C) and equations ( 4-
4) and (4-5) (no-ramp data) 
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4 5 Effect of upstream flow conditions 
All experiments were performed with turbulent inflow conditions (i.e. Re> 1,000 to 5,000). Altogether 
four types of inflow conditions were investigated : partially-developed and fully-developed inflow 
conditions (series Tl, QI, QIIA and QIIIA), inflow conditions disturbed by an undular hydraulic jump 
(series QIIB) and inflows strongly disturbed by the presence of a hydraulic jump (series QIIIB) (e.g. fig. 
2-1). 
Upstream developing flow 
Figure 4-1 shows the effect of inflow conditions : fully-developed inflow in figure 4-1A and partially-
developed inflow in figure 4-IB. Results indicate that, for a given ratio HW/R, larger discharge 
coefficients are observed with fully-developed inflow than with partially-developed inflow. 
Such a result can be predicted analytically (App. C), Applying the Bernoulli equation along the free-
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surface streamline between the upstream flow location and the crest, the discharge coefficient can be 
expressed in tern1s of the upstream !low depth, the flow depth at the crest dcrest• the weir crest height D 
and the boundary layer characteristics. For an upstream flow with a developing bottom boundary layer, 
the Bemoulli equation yields : 
( 
2 * dcrest) 3*1-- --
3 de 
(4-6) 2 2 
2 dcrcst • ( N + I ] k . 2 0 
dt N + 1- -
d t 
where o is the boundary layer thickness, k is a constant of proportionality, 1/N is the velocity distribution 
power law exponent (see app. C) and de is the critical flow depth in rectangular channel with hydrostatic 
pressure distribution. As the ratio dcrestldc is nearly independent of the upstream flow conditions (see 
section 5), equation (4-6) implies that the discharge coefficient increases with increasing ratio o/d1 for 
given inflow conditions: i.e., c0 is larger for fully-developed inflow conditions (i.e. 1i/d1 = 1) that for 
partially-developed inflows (i.e. old 1 < 0). 
Upstream hydraulic jump 
The effects of an upstream hydraulic jump were investigated in two channels : channels QII and QIII. 
One series of experiments were performed with a normal hydraulic jump upstream of the weirs 
(experiments series QIIIB). Another series was perforn1ed with an upstream undular hydraulic jump 
(series Qlffi). All the data are presented in appendix B. The main results are discussed below. 
On figure 4-4, discharge coefficient data for one cylinder size (cylinder No. 2, R = 0.0524 m, D = 2*R) 
are plotted for : a fully-developed subcritical upstream flow (series QIIA), a (stationary) undular 
hydraulic jump upstream of the cylinder (series QIIB) and a (normal) hydraulic jump upstream of the 
cylinder (series QIIIB). Figure 4-4 suggests that : 
-an upstream undular hydraulic jump tends to increase the discharge coefficient of the weir, 
- the presence of a normal hydraulic jump upstream of the cylinder reduces significantly the discharge 
coefficient in most cases (see also discussion below). 
Figure 4-5 shows the effect of the location of the upstream undular jump on the discharge coefficient for 
several ratios of head above crest to dam height. The data are plotted as c0 versus XID, where X is the 
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distance from the jump front to the cylinder centreline : 
X = xdam - Xjump (4-7) 
where xdam and Xjump are defined on figure 2-1. On figure 4-5, the limiting values of CD for large 
values of XID (i.e. no undular jump) are shown also. The results (fig 4-5) suggest that the presence of 
an upstream undular jump tends to increase the discharge coefficient, and CD increases with decreasing 
distance XID for a given head on crest. 
Figure 4-6 shows the relationship between CD and XID when a normal hydraulic jump takes place 
upstream of the cylinder. Visually the presence of a hydraulic jump disturbs substantially the inflow, and 
such flow disturbances might explain the observed smaller discharge coefficients (than in absence of 
upstream hydraulic jump). When the normal hydraulic jump is located close to the weir (i.e. XID < 10), 
the cylinder becomes "engulfed" into the jump roller and it ceases to act as a weir. The flow "perceives" 
the cylinder as a form of apron or sill, and the discharge coefficient data are no longer meaningful. 
Discussion 
SCHODER and TURNER (1929) investigated the effects of inflow conditions on sharp-crested weirs. 
Their results showed substantial modifications of the overflow characteristics when fences and screens 
were installed in the upstream channel to induce large bottom velocities or large free-surface velocities. 
LINDQUIST (1929) discussed these data, showing that the discharge coefficient was affected by the 
upstream flow conditions. In his analysis, LINDQUIST demonstrated that CD was related to the kinetic 
energy correction coefficient of the upstream flow. 
4 6 Summazy 
The discharge coefficient of circular weirs has been investigated for a large number of cylinder sizes, 
weir support heights and different types of inflow conditions. For the range of the experiments (table 2-
1 ), the results indicate that : 
1- the cylinder size R, the dimensionless weir height D/R and the presence of an upstream ramp has no 
effect on the discharge coefficient; 
2- the type of inflow conditions is extremely important and affects substantially the discharge coefficient; 
3- for a given ratio head on crest to curvature radius, the largest discharge coefficients are observed for 
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inflow conditions with an upstream undular hydraulic jump and the smallest CD are obtained for inflow 
conditions with an upstream (normal) hydraulic jump; 
4- for a given ratio head on crest to curvature radius, experiments with fully-developed inflow conditions 
exhibit a larger discharge coefficient than for partially-developed inflow conditions and this trend can be 
predicted analytically. 
Fig. 4-4 - Effects of the inflow conditions on the discharge coefficient : fully-developed inflow (series 
Q!IA), upstream undular hydraulic jump (series QIIB), upstream hydraulic jump (series QJIIB) 
Experiments series QIIA, Ql!B and QIIIB, cylinder 2 (R = 0.0524 m) 
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Fig. 4-5 - Effect of upstream undular hydraulic jump upstream of cylindrical weirs 
Discharge coefficient as a function of the dimensionless distance of jump (experiments series QIID) 
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Fig. 4-6 -Effect of (normal) hydraulic jump upstream of cylindrical weirs 
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5. Other experimental results 
5.1 Flow deoth at weir crest 
Introduction 
In a rectangular horizontal channel with hydrostatic pressure distribution, the flow depth at critical flow 
(5-1) 
de is commonly called the critical flow depth. 
At the crest of a cylindrical weir, critical flow might occur but the streamlines are curved and the 
pressure distribution is not hydrostatic. In fact the streamline curvature implies that the pressure 
gradient is less than hydrostatic. Further the velocity distribution is rapidly varied. For all these reasons, 
the flow depth at the crest of circular cylindrical weirs is expected to differ from equation (5-1). 
Experimental results 
Careful measurements were performed to record the flow depth at the weir crest during the experiments 
QI, QII and QIII. Typical results are presented on figures 5-l and 5-2. 
Figure 5-I presents experimental data with fully-developed inflows (series QIIA) and partially-
developed inflows (series QIIIA). The general trend is a decrease of the ratio of the flow depth at crest to 
critical depth de with increasing dimensionless upstream head on crest HW/R, where HW is the head on 
crest (eq. (4-3)) and R is the curvature radius of crest. 
Further, for HWIR > 0.4, the flow depth at crest is smaller than de. At large overflows (HWIR > 0.8), 
dcrestfdc tends to a mean value of about 0.85. In comparison the ratio dcrestldc equals 1.13 for aWES 
ogee crest (table 6-4). Figure 5-I might suggest furthermore that dcrestfdc decreases slightly with 
increasing cylinder size for a given ratio HW IR . 
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Fig. 5-1 - Dimensionless flow depth at crest as a function of the dimensionless upstream above crest 
(experiments series QI, QIIA and QIIIA) 
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Fig. 5-2 - Effect of inflow conditions on the flow depth above crest 
1.2 
(A) Comparison between fully-developed inflows (series QIIA), upstream undular jumps (series Qlffi) 
and upstream hydraulic jumps (series QIIffi) for the cylinder No. 2 (R = 0.0524 m) 
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Fig. 5-2 -Effect of inflow conditions on the flow depth above crest 
(B) Comparison between fully-developed inflows (series QIIA) and upstream undular jumps (series 
QIIB) for the cylinder No. I (R = 0.04325 m) 
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Figure 5-2 shows the effect of different types of inflow conditions : fully-developed inflow (series QI and 
QIIA), upstream undular hydraulic jump (series Qlffi) and upstream (normal) hydraulic jump (series 
QIIffi). The data suggest that the presence of an undular hydraulic jump upstream of a circular weir has 
little effect on the flow depth at crest (fig. 5-2A and 5-2B). In presence of an upstream (breaking) 
hydraulic jump, the flow depth at crest tends to be greater than without hydraulic jump, for a given 
upstream head above crest and discharge (fig. 5-2A). 
Note that, in presence of an upstream hydraulic jump (data series QIIIB), a careful analysis of the data 
showed no consistent trend between the jump location and the flow depth at crest. 
Discussion 
For a given weir geometry (D, R), the upstream flow conditions, the discharge coefficient and the flow 
depth at crest are related. Simple analytical developments (app. D) show that : 
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-the occurrence of critical flow conditions1 at the crest implies dcrest >de, and 
-for an ideal-fluid flow, the invert velocity at crest V equals : 
2 
3 dcrest I de 
--- -*-Vs 2 de 2 d 1 (5-1) 
where R is the curvature radius of the crest and d 1 is the upstream flow depth 
Experimental results (fig. 5-1 and 5-2) indicate that dcrestldc < 1 for HW/R > 0.4 : i.e, critical flow 
conditions do not take place at the crest but they must occur upstream of the crest for HW IR > 0.4. 
Further equation (5-1) is meaningful and valid only if: dcrestfdc < 2*Ridc. For the present experiments 
(fig. 5-1 and 5-2), such a condition implies that HW/R < 0.8 (see app. D). For larger overflows (HW/R > 
0.8), the experimental observations contradict equation (5-1), suggesting that the assumption of ideal-
fluid overflow becomes unacceptable for HW/R > 0.8 and D = 2*R. 
5 2 Energy loss 
Figure 5-3 presents the dimensionless head loss MfJD as a function of the dimensionless head on crest 
HW/D, where LlH = H1- H2, H1 is the upstream total head and H2 is the downstream total head. H1 
and H2 are calculated using equation (2-1). The results are shown for experiments series QII and QIII, 
series Ql being presented for completeness (see below). 
The experimental data indicate a decrease in energy dissipation with increasing head on crest. At very 
low overflows (HW/D small), the head loss is nearly equal to the weir height D. For large overflows, the 
rate of energy dissipation becomes much smaller. 
The data show some large scatter. It must be noted that the calculations of the downstream total head 
(eq. (2-1)) are not very accurate. Downstream of the cylinders, the water free-surface was very rough and 
sometimes unstable, and the error on the flow depth measurement could be as large as 30%. 
Note also that, for experiments series I (symbol (+) on fig. 5-3), the data are based on flow depth 
measurements recorded at cross-sections located upstream and immediately downstream of the broad-
crested weir (fig. 2-1). At low overflows, friction losses on the downstream face of the flat-crested weir 
1defined as minimwn specific energy flow conditions. 
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are significant and the total head losses LlH include the head loss at the cylinder plus the skin friction 
loss. 
Fig. 5-3 -Energy dissipation at circular cylindrical weirs 
Dimension less head loss MfJD as a function of the dimensionless head above crest HW ID (series QI, 
QIIA, Ql!B, Q!IIA and QIIID) 
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6. Discussion 
6.1 Presentation 
The perfonnances of circular cylindrical weirs are compared with previous investigations (table 6-1) and 
other hydraulic structures (e.g. drop structure, ogee crest) in this section. 
6.2 Overflow cbamcteristics · comparison with drcu!nr-owtM weir~ 
Past investigations 
Several researchers investigated the discharge relationship of cylindrical weirs1 (table 6-l, fig. 6-1). The 
results are reported in tables 6-2 and 6-3, and in figures 6-2 and 6-3. 
Previous experimental studies showed that the discharge coefficient c0 is close to unity (tables 6-2 and 
6-3). And Cn was primarily a function of the ratio of upstream head to crest radius HW/R, Cn 
increasing with increasing values ofHW/R, where HW is the total head above crest (i.e. HW = H1- D) 
and R is the crest curvature radius. 
Two studies (ESCANDE and SANANES 1959, ROUVE and INDLEKOFER 1974) investigated 
particularly the effects of both nappe suction and nappe ventilation on the discharge characteristics 
(table 6-l). Both investigations showed that nappe suction prevented flow separation and lead to higher 
discharge coefficients. 
Several studies (e.g. SARGINSON 1972, ROUVE and INDLEKOFER 1974) showed that nappe 
ventilation facilitated the separation of the flow when the pressure under the nappe became sub-
atmospheric. And, with ventilated nappes, lower discharge coefficients were observed typically for 
HW/R > 1.5 to 2. 
1also called cylindrical gate, roller weir, roller gate, roWld-crested weir, circular-crested weir. 
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Table 6-1 - Experimental investigations of discharge relationship above round-crested weirs 
Reference R D-R HrD Inflow Comments 
R conditions 
(m) 
(2) 6 
Circular-crested weirs 
REHBOCK (1929) Laborato!2: ex!'eriments 
FAWER (1937) 0.0325 0 to 0.5 to 3 Laboratory experiments. W- 0.303 m. Vertical 
0_3325 upstream slope. Steep downstream slope : 56 
de![ees. Flwne !en 11th : 2. 5 m 
ESCANDEand Large-scale laboratory experiments. Weirs with 
SANANES (1959) suction slots. Upstream face : vertical Downstream 
face : 45, 60 degrees. 
0.0750 2.025 up to 13.3 Model Bl (W = 4 m). Slot width: 0.03 m. 
0.0375 L0125 up to 13.3 Model B2 (W =I m). Slot width: 0.018 m. 
0.0750 1.1750 up to 6.7 Model B3 (W = 0,5 m). Slot width: 0.015 m. 
0.0125 0_3375 U[ltO 12 Model B4 (W = 0.1 m). Slot width: 0.0015 m. 
MATTHEW (1963) Laboratory experiments. 
0.0254 0 1 to I Vertical upstream face. 
0 0254 0.1 to 1 Upstream face with 45-degree slope. 
0.0254 0 0.1 to I Upstream face with 45-degree slope. D = 0.0254 
m. 
SARGINSON (1972) (dJ-D)/R Laboratory experiments Ventilated nappes 
Liquids : water, water+ Lissapol N. 
0.003!5 0.2 to 10 Small-scale experiments. 
to 0.0381 
0.03 to 0.2 to 3 FID Large-scale experiments. Flwne length :20-m, 
0.068 
ROUVEand 0.0102 to 0.21 to 0.1 to4.5 Laboratory experiments (W = 0.599 m). Semi-
INDLEKOFER ( 1974) 0.148 0.96 circular crest. Upstream and downstream slopes : 
vertical. Ventilated nappes, non-ventilated nappes 
(with and without nappe separation) and nappe 
suction~ 
VO (1992) 0,0095 to 1.01 to 0,33tol8 P/D Laboratory experiments (W - 0.254 m). Circular 
0.1516 1.07 crests. Upstream slope : 90, 85, 75, 60 degrees 
Downstream slope : 45, 60, 75 degrees, and no 
slope (ventilated). 
Notes : D : weir height; R : circular crest radius; ( --) : information not available; 
Inflow conditions : P/D =partially-developed inflow; F/D :fully-developed inflow. 
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Fig. 6-1 - Sketch of experiments with round-crested weirs 
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45 degrees 
/ /. 
75 degrees 
Table 6-2 - Empirical formulae of discharge coefficients above circular-crested weirs (laboratory studies 
and theoretical results) 
Reference 
REHBOCK(I929) 
FAWER (1937) 
JAEGER (1956) 
MATTHEW (1963) 
MONI'ES (1964) 
SARGINSON (1972) 
ROUVEand 
INDLEKOFER (1974) 
l. 
2 
0.552 + 0.177. 
Hrzdam (Hrzdam)
2 
R I +0.230~-0.010* --R-- -0.0154~ 
HI-Zdam (H]-Zdam)2 R 1+0.240~-0.028* --R-- -0.0184~ 
Hrzdam (H1-zdamJ2 R 
I +0.240~-0.026\---R-- -0.0181~ 
2 
o.9444o+o.3s497 H~-~dam -o.lo791*r~-~dam J 
3 
+ 0.010309. rr~dam) 
1.299 
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Comments 
(3) 
As given in SARGINSON 
(1972). 
Model data. 
Theoretical result validated 
with model data. 
Vertical upstream face 
Upstream face with 45-
degree slope. 
Upstream face with 4 5-
degree slope. D = 0.0254 m. 
Re-analysis of data. 
0.05 < (H rzdamlfR < 1.2 
for 0.034 < cr < 0.059 N/m 
and (H 1-zdamlfR < 2 to 4 
Semicircular crest with 
ventilated nappe. 
Hrzdam 
for--R--<4.0 
Table 6-3 - Experimental data of discharge coefficients above circular-crested weirs (prototype spillway 
models) 
Reference 
Circular-crested weirs 
CPrototvoe models) 
Castilian dam (France) 
Dantzig (Germany) 
Dannstadt (Germany) 
Pinet dam (France) 
Puechabon (France) 
Note : re-analysis by the authors. 
c0 = 1.372 for (H 1-zdam)/R = 2 18 
CD = 1.252 for (H rzdamlfR = I 54 
c0 = I 447 for (HrzdamlfR = 1.75 
c0 = 1.304 for (HrzdamlfR = 1.56 
c0 = 1.3486 for (H1-zdamlfR = 3.0 
Table 6-4 - Overflow characteristics of ogee-shaped crest design 
Ogee shape HW/R Co dcrestfdc Conditions 
(I) (2) (3) (4) 
BAZIN 1.035 
Creager profile 1.11 Vertical upstream 
face 
1.086 45" upstream face 
WES profile 
2 1.3 1.1325 HW/D» I 
2 1.137 HW/D=4 
2 1.1745 HW/D=2 
2 1.212 HW/D= I 
Comments 
3 
Ref :FAWER(1937) 
Remarks 
(5) 
Sharp-crested weir experiments 
used by CREAGER to develop 
his ogee-crest 'Creager' profile. 
Ref. HDC-111-11, testES-801. 
Notes : data at design flow conditions; D : dam height; R : crest curvature radius. 
Ref.: CREAGER (1917), US Army Corps of Engineers (1995). 
Companson between past and present investigations : the discharge coefficient 
Figure 6-2 compares previous experimental investigations and the present set of results. On figure 6-2 
re-analysed data from VO (1992) are shown for a ventilated nappe and no downstream slope. 
Firstly figure 6-2 indicates a close agreement between past and present results. And all the data exhibit 
6-5 
the same trend : i e., the discharge coefficient increases with increasing dimension less head on crest, and 
c0 is larger than unity except for very low overflows (HW/R < 0.2 to 0.4) . 
It is worth mentioning that VO (1992) observed a maximum discharge coefficient for HW/R- 5 and, for 
larger ratios HW /R, Co decreased and tended to sharp-crested weir values. 
Note also that there is little information on the inflow conditions of past investigations (table 6-l) . 
Interestingly one set of data (SARGINSON 1972) was obtained with weirs placed at the end of a 20-m 
long channel and the inflow conditions were fully-developed as checked by the writers. Figure 6-2 
indicates a close agreement between SARGINSON's results and the present results for fully-developed 
inflow conditions (eq. (4-4)) . 
Compan'son between past and present investigations : the flow depth at crest 
Figure 6-3 presents experimental measurements of the flow depth at the crest : i.e. , at the location where 
the crest is tangent to the channel bed. Circular weir data include past observations (table 6-1) and the 
re-analysis of the data of VO (1992) (for 0.038 < R < 0.162 m) . These are compared with the present set 
of data (experiments series QIIA). On the same figure, the flow depth at the crest of aWES ogee shaped 
weir is shown (for design flow conditions) (table 6-4). 
The results (fig. 6-3) show: 
-a similar trend between the authors' work and the re-analysis ofVO's (1992) experiments, and 
- some significant differences between the new set of data and some ancient investigations. 
D1'scussion 
It is worth noting that, although VO's (1992) data were obtained with partially-developed inflow 
conditions, his measurements show the same trend as the authors' data (fig. 6-2 and 6-3) 
Further the data of both VO and the authors indicate clearly that the ratio dcrestfdc is less than unity for 
HW/R > 0.5. If dcrest < de, simple analytical developments show that critical flow conditions (i.e. 
minimum specific energy) must take place upstream of the weir crest and the flow is supercritical at the 
crest (app. D). 
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Fig. 6-2 -Experimental observations of discharge coefficients above circular-crested weirs (tables 6-1 , 6-
2 and 6-3)- Comparison with new circular cylindrical weir data : experiments series Tl (eq. (4-4) and 
(4-5)) and series QIIA (cylinders I, 2, 3 and 4) 
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Fig. 6-3 -Experimental observations of crest flow depth on circular-crested weirs (table 6-1) and ogee 
crest weir (table 6-4) - Comparison with circular cylindrical weir data (experiments series QIIA, 
cylinders I, 2, 3 and 4) 
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Note furthermore that the ratio dcrestldc is nearly constant for HW /R > I. The authors obtained : 
dcrestldc- 0.85 while the re-analysis of VO's data indicates : dcrestldc - 0.95 for HW/R > I. The 
different values might be accounted for the difference of inflow conditions 
6.3 Energy loss · comparison with droP structures 
' 
The head loss at a circular cylindrical weir may be compared with the energy loss at a drop structure of 
same height (fig. 6-4). Several researchers investigated experimentally the flow properties at drop 
structures. One author (CHANSON 1995c, pp. 230-236) presented a detailed bibliographic review. I 
Based on the experimental results of RAND (1955) (valid for 0.045 < dJD < 1), he showed that the 
dimensionless head loss at a drop structure can be estimated as : 
0.54* _; + 1.71 ·~;_ 
[ 
(d )0.275 (d )-0.55] 
(6-1) 
where AH =Hr- H2, Hr is the upstream total head (fig. 6-4), D is the drop height and de is the critical 
flow depth. 
Equation (6-1) is shown on figure 6-5 and it is compared with the present set of data (series QI, QII and 
QIII). The results indicate basically that the dimensionless head loss is smaller for a circular cylindrical 
weir than for a drop structure of same height and for a given head on crest. 
Note that, at large overflows, the tailwater free-surface was very disturbed and the present set of data is 
not accurate. 
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Fig. 6-4 - Sketch of a drop structure 
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Fig. 6-6 - Sketch of flow separation at circular weirs Table 6-5. - Experimental observations of nappe separation at circular-crested weirs 
Reference Location of nappe separation Flow conditions Remarks 
<Psep (deg.) 
.- V (2} (3) (4 1 
- ESCANDEand Sucked nappes. 
SANANES (1959) Downstream slope : 45 deg 
<Psep -45 Hl-zdam ModelB2. 
+ --R- =52 
' 
<Psep- 45 Hrzdam ModelB3 
i 
- -R- =2.2 
dJ ~ 
' 
SARGINSON (1972) <Psep = 0 drzdam 3 < R < 38 mm. Ventilated zdam j 
-R-=2 nappes. 
! <Psep < 0 drzdam 
i --R->2 ; 
<Psep = 0 d1-zdam 30 < R < 68 mm. Ventilated 
~ --R- =4 nappes. 
<Psep <0 dJ-Zdam 
--R->4 
RAMAMURTHY and 
rrzdamr.28 n, -zdam 
Upstream illO(lC : vertical 
VO (1993) <Psep = 155 • --R- -90 I <--R- - < 5 No downstream slope. 
Venlilaft.'<.L0ow. 
<Psep = 0 HJ-Zdam Upstrcum slope : vertical. 
--R-=5 Downstream slope : 45 deg .. 
<Psep < 0 HJ-Zdam 
--R->5 
6.4 Nappe adherence and nappe separation 
During the present study, nappe adherence on the downstream weir face was observed in most cases Notes : c)lsep : angular location of nappe separation in degrees (fig. 6-6). 
(section 3). At large overflows, flow separation behind the weir was sometimes observed (fig. 6-6). c)lsep = 0 : nappe separation at crest; c)lsep > 0 : separation on the downstream face of crest invert. 
Past observations of circular weir overflows (table 6-4) indicated that the discharge coefficient becomes 
lower when nappe separation takes place at or upstream of the crest. It is therefore important to predict 
the flow conditions at nappe separation. Experimental results are summarised in table 6-5 and might be 
used as general guidelines. 
With suction slots on the weir crest, ESCANDE and SANANES (1959) showed that the conditions for 
nappe separation depended on the suction discharge (i.e. water discharge in suction slot) . J 
' 
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7 Conclusion 
The discharge characteristics of cylindrical weirs have been investigated in laboratory for a wide range 
of flow conditions and configurations : i.e., eight cylinder sizes, several weir heights (2 < DIR < 9), and 
several types of inflow conditions : fully-developed, partially-developed, upstream ramp, upstream 
hydraulic jump, upstream undular hydraulic jump. 
Experimental observations indicate that the overflow is characterised by nappe adherence on the 
downstream cylinder face at low to medium overflows, and a rapid flow redistribution upstream of the 
cylindrical weir. The flow properties are significantly affected by the upstream flow conditions, and 
comparison with previous studies is difficult as most past investigations did not record the upstream flow 
conditions nor consider their effects. 
For the range of the experiments (table 2-1), the main findings are: 
1- the cylinder size (i.e. radius of curvature R) has no effect on the discharge coefficient, dimensionless 
flow depth at crest and dimensionless rate of energy dissipation; 
2- the dimensionless weir height D/R has no effect on the discharge coefficient; 
3- the presence of an upstream ramp has no effect on the discharge coefficient; 
4- the upstream flow conditions are extremely important and the type of inflow conditions affects 
substantially the overflow characteristics; 
5- for a given ratio head on crest to curvature radius, the largest discharge coefficient is observed for 
inflow conditions with an upstream undular hydraulic jump and the smallest Co is obtained for inflow 
conditions with an upstream (normal) hydraulic jump; discharge coefficients for partially- and fully-
developed inflows are in between the extremes; 
6- for a given ratio head on crest to curvature radius, experiments with fully-developed inflow conditions 
exhibit a larger discharge coefficient that for partially-developed inflow conditions; this behaviour can 
be predicted analytically (app. C); 
7- the flow depth at the weir crest is usually lower than the critical depth (in rectangular channels) but 
for very low discharges; for medium to large overflows (HW/R > 0.4), critical flow conditions take place 
upstream of the weir crest (app. D); for large overflows (HW/R > 0.8), dcrestfdc is typically about 0.85. 
8- energy dissipation is substantial. 
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Appendix A 
EXPERIMENTAL CONFIGURATIONS 
A 1 Presentation 
Experiments were performed at the University of Tasmania (in 1991 and 1992) and at the University of 
Queensland (in 1996). Altogether four different channels and eight cylinder sizes were used to test 
extensively a wide range of flow conditions. 
A 2 Experimental characteristics 
A .2.1 Expeninental channels 
Experiments were performed in four laboratory channels. One flume (channel Tl) is located in the 
Hydraulics Laboratory at the University of Tasmania. Three flumes (channels QI, QII and QIII) are 
located in the Hydraulics/Fluid Mechanics Laboratory at the University of Queensland. The 
characteristics of each channel and a dimensioned sketch are presented in table A-1 and figure A-1 
respectively. 
A.2.2 Cylindrical wciis 
Experiments at the University of Tasmania used four cylinders made of PVC pipe (cylinders A, B, C, 
and D). The cylinders were supported by a vertical perspex support (10-mm thick). The PVC cylinders 
were slitted and slided over the perspex plate. Note that the largest pipes were slightly flexible and hence 
the reference radius was taken as the curvature radius at the crest. 
At the University of Queensland, four hollow concrete cylinders were used (cylinders I, 2, 3 and 4). The 
cylinders were stiff and rigid, and their diameters were accurately measured +/- 0.4 mm. Note that the 
concrete cylinders were made with a small groove (to insert a strip roughness element at later stages). 
The main cylinder dimensions are listed in table A-2. 
A.2.3 Expenincntal flow conditions 
Table A-3 summarises the various experimental flow conditions which were investigated. 
A-1 
Basically, experiments series TlA and TlB investigated the discharge characteristics of cylindrical 
weirs with various support heights Experiments series TlA and TlB were performed independently in 
1991 and 1992 respectively . Experiments T 1 C extended the results to include the effects of a 30-degree 
upstream ramp. Experiments Tl C were performed at the same period as experiments series TlB. 
Experiments series QI investigated the overflow characteristics of a cylinder placed at the top of broad-
crested weir. Experiments series QII were performed with fully-developed inflow conditions (series 
QIIA) and with an upstream undular hydraulic jump (series QIIB). Experiments series QIIIA 
investigated the overflow characteristics of the largest cylinder (cylinder 4) in a horizontal channel while 
experiments series QIIIB investigated the effects of normal hydraulic jump upstream of a cylindrical 
weir. Experiments series Ql, QII and QIII were performed during the same period. 
Table A-1 -Characteristics of the experimental channels 
Characteristics Channel Tl Channel QI Channel Qll Channel QJII 
(1~ {22 (3) (42 
Location · University of Uruversity of University of 
Univen;ityof 
Tasmania Queensland Queensland Queensland 
Length (m): 12 3.05 20 3 2 
Width(m): 0.301 0 25 0 25 0.25 
Slope (degrees): 0 0 0 to 5 0 
Sidewal\ height (m): 0 50 0.18 0.255 0 30 
Construction material 
Bottom : perspex glass glass glass 
Sidewalls . perspex glass glass glass 
Intake geometry · Smooth convergent Smooth convergent Smooth convergent Sluice gate (0 .25-m 
section section section wide) 
A-2 
Table A-2 -Dimensions of the circular cylinders 
Cylinder Major diameter Minor diameter 
No. 
(m) (m) 
CO (2) (3) 
A(l) 0.154 0.150 
B (1) 0 129 0.124 
C(l) 0.111 0.108 
D(l) 0.058 0 058 
1 (2) 0 0837 (a) 0.0833 (b) 
2 (2) 0 10475 (a) 0 10475 (b) 
3 (2) 0.15125 (b) 0.15050 (8 ) 
4 (2) 0.2350 (b) 0 23130 (a) 
Notes: 
( 1) : cylinders made of PVC pipes 
Reference diameter 
D 
(m) 
(4) 
0.0835 
0 10475 
0 150875 
0 .23315 
Reference radius 
R 
(m) 
(5) 
0 07905 (+) 
0 0671 (+) 
0.05704 (+) 
0 0290 (+) 
0 .04175 
0,052375 
0 .0754375 
0 116575 
(2) : cylinders built in concrete with a hollow core and a rectangular groove to install deflectors 
(3 ) : diameter (measured at groove axis) 
(b) : diameter (measured 90-degree to groove axis) 
(+) : curvature radius at crest 
Table A-3 - Summary of the experimental flow conditions 
Experiments Upstream flow conditions 
I 3) 
channel Tl Cyl indricnl weirs with various 
support heights 
Horizontal channel flow 
Series TIB channel Tl Cylindrical weirs with various 
support heights 
!Ioriz<ln~ll ~lunmel flow 
SeriosTlC clmnncl Tl Effect of upstream ramp 
Horizontal channel flow 
Series QI channel QI Cylinders placed at the top of a 
broad-crested weir 
Series QIIA channel Qll Fully-developed inflow 
conditions 
Series QllB channel Qll Undular hydraulic jump 
upstream of cylinder 
s~rics QlliA channel Qlll Horizontal channel flow 
Series Qll!B channel Qlll Hydraulic jump upstream of 
cylinder 
A-3 
Comments 
4 
Cylinder centreline location : xdam - 8 m. 
Cylinder centreline location : xdam = 8 m 
Cylinder centreline location xdam =8m. 
30-dcgrec upstream mmp. 
Cyllndtlf centreline location · xdam = 1 2 m. 
Mild slope : a - 0.191 degrees. 
Cylinder centreline location Xdam-llm 
Steep slope . a up to 0. 97 degrees 
Cylinder centreline location : xdam - 11 m. 
Cylinder centreline location : xdtnn- 2 55 m. 
Sluice gate opening · 0 02 to 0.08 m 
Cylinder centreline location · xdam- 2.55 m, 
Fig. A-1- Dimensioned sketch of the experiments 
T.H.L. 
x=8m 
T.H.L. 
I 
I 
"': 
.. ...; 
I 
... ··- -··-··--··..-: 
x = 8 n\ 
···--· ...... . 
; 
-· .. -··········-----------.... 
Channel T1 
Experiments Series TlA and TlB 
No 
ventilation 
,,- ,; / 
Channel T1 
Experiments Series T1 C 
University of Tasmania (1991,1992) 
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-
Fig. A-1 -Dimensioned sketch of the experiments 
~'--~-----------
t 
0.0645 m j 
! 
77/// ) 
dcrest 
0.235 m 
.,. -- .. __ .,. 0.19m 
... ......... _ ......... _. 
Channel Ql 
Experiments Series QI 
Broad-crested weir 
Mm Qillm 
· --·- --· -··-• •• •-•••"" ••-••- --· .,......__...,_ M "•-·-.. -··-··---... M ... 
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7. 
Channel QII 
Experiments Series QIIA (Mild slope) 
/ 
... ~ .... 
x= 10.5 m 
Sluice 
gate 
D 
0.5 m ... . 
.. . ... 
x= 11 m 
x=l0.8m 
Hydraulic 
jump 
Circular 
cylinder 
0.5m 
Experiments Series QIIB (Steep slope) 
d2 
. ... __ ., 
x = 11.5 m 
Channel QIII 
Experiments Series QIIIB 
Vena 
contracta 
~ ~----------------~------
h t l--r-:-f :::; 
O_:t · dvc ---.. i~ // /.o // // // z 
... .. --· 
2.550m 
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Appendix B 
EXPERIMENTAL DATA 
The experimental data are presented in the following tables. They are regrouped by series of experiments 
(as defined in appendix A). 
The notation is defined below and illustrated in figure A -1 : 
c0 discharge coefficient 
D cylinder weir height 
d flow depth measured normal to the channel bottom; 
de critical flow depth : i.e, de = ~ 
dcrest flow depth measured at cylinder crest 
djump flow depth measured immediately upstream of hydraulic jump 
d 1 upstream flow depth 
dz downstream flow depth 
g gravity constant (g = 9.80 rnfs2 in Brisbane, Australia) 
H total head 
H 1 upstream total head 
H 2 downstream total head 
HW Upstream total head above weir crest elevation : HW = H 1 - zdam 
qw discharge per unit width 
R radius of cylinder (reference radius, appendix A, table A-2) 
X longitudinal distance between the jump front and the cylinder centreline (X = xdam - Xjump) 
xdam distance from channel intake to the cylindrical weir centreline 
Xjump distance from channel intake to hydraulic jump front 
zdam dam crest elevation 
a. channel slope 
B-1 
F' 
total head loss between the upstream and downstream locations : Ml = H 1 - H2 
Table B-1- Experimental data- Experiments series TlA and TlB 
&I 
Re( qw a R D dl HW en Support Type 
R 
m2ts deg. m m 
"' (12 ~2l (3) ~4) (Sl (f>l m (R) ('.I) 
Series TlA 
CylinderD 
TA91-l 0.0083 0 0 029 0.154 0.1806 0.921 Ill Vertical 
0.0090 0.1820 0.970 1.12 
0.0098 0.1836 1.026 1.12 
0,0119 0.1872 l 152 I 15 
0.0149 0.1918 1.314 1.17 
0.0153 0.1920 1.321 1.19 
0.0181 0.1962 1.470 121 
0.0211 0.2002 I 613 1.23 
0.0238 0 2034 1.727 1.24 
0.0240 0.2034 I 728 1.26 
0.0263 0.2062 1.829 1.26 
0.0278 0.2078 1.887 1.27 
0.0316 0.2120 2.039 1.29 
0.0324 0.2128 2.068 1.29 
0.0339 0,2142 2.120 l 30 
0.0408 0.2218 2.398 1.31 
0.0429 0.2240 2 478 1.31 
0.0458 0.2268 2.582 1.31 
0.0486 0.2294 2.679 1.32 
0 0513 0.2320 2.776 1.32 
0.0540 0,2342 2.859 1.33 
0.0624 0.2420 3.152 1.33 
TA91-2 0.0007 0 0.029 0.2035 0.2099 0.221 0.78 Vertical 
0.0023 0.2163 0.442 0.95 
0.0044 0.2223 0.649 1.01 
0.0052 0.2239 0.704 1.04 
0.0095 0.2329 1.017 1.11 
0.0116 0.2361 l 128 1.15 
0.0155 0.2421 1.338 1.19 
0.0174 0.2449 1.436 1.20 
0.0218 0.2505 1.634 1.24 
0.0227 0.2517 1.676 1.24 
0.0251 0.2545 1.776 1.26 
0.0267 0.2571 1.867 1.24 
0.0296 0.2599 1.968 1.28 
0.0321 0.2627 2.068 1.28 
0 0350 0.2655 2.168 1.30 
0.0381 0.2687 2.284 1.31 
0.0416 0.2721 2.407 1.32 
0.0452 0.2753 2.523 1.34 
0.0476 0.2775 2.603 1.35 
0.0500 0.2795 2.677 1.36 
0.0534 0.2827 2.794 1.36 
0.0573 0.2863 2.926 1.36 
0.0637 0.2919 3 132 1.36 
0.0686 0.2961 3.287 1.37 
0.0715 0.2985 3.377 1.37 
TA91-3 0.0155 0 0.029 0.2535 0.2915 1.315 1.22 Vertical 
0.0196 0.2971 1.511 1.26 
0.0217 0.2997 1.602 I 27 
0.0254 0.3043 1.764 1.29 
0.0309 0 3107 1.990 1.31 
0 0361 0.3167 2.202 1.31 
0 0367 0.3173 2.223 1.31 
B-3 
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Ref. qw a R D dl HW CD Support Type Ref. qw a R D dl HW CD Support Type 
R R 
m
2ts deg m m m m
2ts de g. m m m 
(1) (2) Ol (4) ~5l (6) (7l (8) (9) <ll (2) (32 (4) (5) t!Il Pl ~81 ~9l 
TA91-3 0.0401 0 3205 2 338 1.33 TA9l-7 0.0359 0.2210 1.019 1.18 
0.0446 0.3251 2 502 1 34 0 0409 0.2262 1.101 1.20 
0.0502 0.3297 2 668 1.37 0.0453 0.2306 1.171 1.21 
0.0537 0.3339 2 818 1.35 0.0487 0.2340 1.225 1.21 
0.0545 0.3347 2.847 1.35 0 0517 0.2366 1.267 1.22 
0 0570 0.3373 2 940 1.34 0.0555 0.2400 1 322 1.23 
0 0606 0.3413 3.083 1.33 0 .0592 0.2436 1.380 1.23 
0.0659 0.3427 3.141 1 41 0.0623 0.2458 I 417 1.25 
Cylinder C 0.0650 0.2486 1.462 1.24 
TA91-4 0.0159 0 0.057 0.154 0 1940 0.707 1.15 Vertical 0 .0686 0.2510 1.502 1.26 
0.0229 0 2042 0.891 1.17 0.0712 0.2530 1.536 1.26 
0.0327 0.2150 1.090 1.24 TA91-8 0.0076 0 0.067 0.2035 0.2291 0.382 1.08 Vertical 
0.0386 0.2224 1.226 1.22 0.0121 0.2387 0.527 1 07 
0.0465 0.2304 1.376 1.24 0.0168 0.2461 0.638 1.11 
0.0502 0 .2340 1.444 1.25 0.0216 0.2527 0.739 1.15 
0 0549 0.2378 1.517 1.27 0.0257 0.2581 0.821 1.17 
0 0602 0.2428 1.612 1.27 0.0295 0.2629 0.895 I 18 
0.0641 0,2460 1.674 1.28 0.0332 0.2673 0.963 1.19 
0 0668 0.2478 1.709 1.29 0.0370 0.2715 1.028 1.20 
0,0700 0.2504 1.760 1.29 0.0400 0.2749 1.080 1.20 
0.0716 0.2518 1.787 1.29 0.0445 0.2795 1.152 1.21 
0.0737 0 2538 1.825 1.29 0.0472 0.2821 1.193 1.22 
0 0738 0.2554 1.852 1.26 0.0508 0 ,2859 1.252 1.22 
TA91-5 0 0107 0 0.057 02035 0.2353 0.559 1.10 Vertical 0.0580 0.2923 1.353 1.24 
0 0184 0.2479 0.783 1.15 0.0625 0.2965 1.420 1.25 
0 0236 0.2553 0.916 1.16 0.0688 0.3011 1.494 1.27 
0.0294 0.2625 1.046 1.18 TA91-9 0.0093 0 0.067 0.2535 0.2841 0.457 1.01 Vertical 
0.0344 0.2679 1.144 1.21 0.0121 0.2901 0.547 1.01 
0.0376 0.2717 1.213 1.21 0.0187 0.3005 0.703 1.07 
0 0417 0.2753 1.279 1.24 0.0227 0.3063 0.791 1.09 
0 0460 0.2803 1.370 1.23 0.0267 0 3117 0.873 1.11 
0.0483 0.2823 1.408 1.25 0.0315 0.3175 0 961 1.13 
0.0513 0.2851 1.460 1.25 0.0353 0.3223 1.034 1.13 
0 0558 0.2891 1.534 1.27 0.0392 0.3269 1.105 1.14 
0.0606 02935 1.616 1.27 0.0428 0.3303 1.157 I 16 
0.0641 0 2963 1.669 1.28 0 0463 0.3335 1.207 1.18 
0.0688 0 3005 1.747 1.28 0 0509 0.3377 1.272 1.20 
0.0718 0.3029 1.793 1.29 0.0537 0.3413 1.327 1.19 
TA91-6 0 0120 0 0.057 0.2535 0 2891 0.626 1.04 Vertical 0.0573 0.3443 1.374 1.20 
0 0186 0 2999 0.817 1.08 0.0606 0.3477 1 427 1.20 
0 0245 0 3081 0.963 1.12 0.0648 0.3515 1.486 1.21 
0 0293 0 3143 1.074 1.13 Cylinder A 
0 0336 0 3193 1.163 1.15 TA91-10 0.0145 0 0.079 0.154 0.1932 0.500 1.09 Vertical 
0.0404 0.3269 1.300 1.17 0.0231 0.2060 0 .666 1.12 
0.0465 0.3329 1.409 1.20 0.0292 0.2140 0.771 1.14 
0.0509 0.3369 1.483 1.22 0.0340 0.2198 0 848 1.15 
0 0539 0.3397 1.534 1.22 0.0397 0.2260 0.931 1.17 
0 0568 0.3427 1.588 1.22 0.0443 0.2308 0 .995 1.18 
0.0622 0 3469 1.666 1.25 0 0494 0.2358 1.063 LI9 
00669 0.3511 1.744 1.25 0.0537 0.2398 1.118 1.20 
0 0706 0.3543 1.803 1.26 0.0573 0 .2430 1.162 1.21 
0.0740 0.3561 1.837 1.28 0 .0618 0.2468 1.214 1.22 
0.0764 0 3587 1.885 1.27 0 0645 0.2490 1.245 I 23 
Cy!inderB 0.0677 0.2512 1.276 I 24 
TA91-7 0 0092 0 0067 0 154 0.1834 0.440 1.07 Vertical 0.0695 0.2532 1.303 1.23 
0 0184 0 1988 0 674 1.12 0,0715 02546 1.324 1.24 
0.0231 0 2058 0.782 1 13 0.0732 0 .2560 1.343 1.24 
0.0304 0.2150 0.924 1 16 
B-4 B-5 
Re( qw a R D dl HW en Support Type Rcf qw a R D dl HW en Support Type R R 
m
2/s de g. m m m m2/s de g. m 
"' 
m 
(I~ ~2) (3~ ~4) ~5) ~6l ~7l (8) (9) (I) !2l (3) (4) (S~ !6) (7) ~8l (9) 
TA91-ll 0.0164 0 0.079 0 2035 0.2461 0.542 1.09 Vertical TB92-l 0 0513 0.2320 2.776 1.32 
0.0198 0.2507 0 601 1.12 0.0540 0.2342 2 860 1.33 
0.0231 0.2559 0.668 1.12 0.0624 0 2420 3.152 1.33 
0.0301 0.2651 0.788 1.14 TB92-2 0.0159 0 0.057 0 !54 0.1940 0 707 1.15 Vertical 
0.0333 0.2687 0.835 1.15 0.0229 02042 0.892 1.17 
0.0350 0.2709 0.863 1.15 0 0327 0.2150 1.091 1.24 
0.0405 0 2771 0.945 1.16 0.0386 0 2225 1.227 1.22 
0.0409 0.2773 0 948 1.17 0.0465 0.2304 I 376 1.24 
0 0453 0.2823 1.013 I 17 0.0502 0 2340 1.444 1.25 
0.0496 0.2873 1.079 I 17 0 0549 0.2378 1.517 1.26 
0.0525 0.2889 1.102 1.20 0 0602 0 2428 1.612 1.27 
0.0563 0.2921 1.145 1.21 0.0641 0.2460 1,673 1.28 
0.0615 0.2971 1.212 1.22 0.0668 0.2478 1.710 1.29 
0.0668 0.3009 1.264 1.24 0.0700 02504 1.759 1.29 
0.0702 0.3039 1.304 L24 0.0716 0.2518 1.786 1.29 
TA91-12 0.0110 0 0:079 0.2535 0.2881 0439 I 00 Vertical 0.0737 0.2538 1.826 1.29 
0.0156 0.2967 0.548 1.02 0.0738 0 2554 1.852 1.26 
0.0194 0.3025 0.622 1.04 TB92-3 0.0092 0 0.067 0.154 0.1834 0.440 1.07 Vertical 
0.0241 0.3093 0.710 I 06 0.0184 0.1988 0.674 1.12 
0.0281 0.3141 0.772 1.09 0.0231 0.2058 0.782 1.13 
0.0333 0.3205 0.854 1.11 0,0304 0.2150 0.924 1.16 
0.0379 0.3263 0.930 1.12 0.0359 0.2210 1.019 1.18 
0 0429 0.3317 1.000 1,13 0.0409 0 2262 1.100 1.20 
0.0466 0.3359 1.055 1 14 0.0453 0.2306 I 170 1.21 
00519 0.3413 !.126 1 15 0.0487 0.2339 1.224 1.21 
0.0557 0.3445 1.168 1.16 0.0517 0.2366 1267 1.22 
0 ,0606 0.3491 1.229 1.18 0.0555 0.2400 1.322 1.23 
0.0663 0.3539 1.293 1.19 0.0592 0.2436 1 380 1.23 
0.0704 0.3573 1.338 1.20 0.0623 0.2457 JAJ6 1.25 
0.0744 0.3619 1.398 1.19 0.0650 02486 1.462 1.24 
0.0686 0.2510 1503 1.26 
0 0712 0.2530 1.536 1.26 TB92-4 0.0164 0 0.079 0.154 0.1967 0.544 1.08 Vertical Re( qw a R D dl HW en Support Type 0.0198 0 2011 0.602 1.12 R 0.0231 0.2064 0.670 1.11 
m
2/s de g. m m m 0.0301 0.2156 0.792 1.13 
(I~ (2l Pl (4l {5) (6l (7l (8) 19) 0.0333 0.2191 0 839 1.14 
Series TIB 0.0350 0.2215 0 869 1.14 
TB92-l 0.0083 0 0.029 0.154 0.1806 0.920 1.11 Vertical 0 0405 0.2276 0.952 1.15 
0.0090 0 ,1820 0.971 1.12 00409 0.2278 0.954 1.16 
0 0098 0.1836 1.025 1.13 0 0453 0.2328 1.022 1.16 
0.0119 0.1872 1.151 1.15 0 0496 0.2378 1.088 1.15 
0.0149 0.1918 1.314 !.17 0 0525 0 2387 I 103 1.20 
0.0153 0.1920 1.321 1.20 0.0563 0.2426 I 155 1.20 
0.0181 0.1962 1.470 1.21 0.0615 0.2476 1.224 1.20 
0.0211 0.2002 1.613 1.23 0.0668 0.2513 1277 1.22 
0,0238 0.2034 1.727 1.24 0.0702 0.2544 1.319 1.22 
0.0240 0.2034 1.727 1.26 TB92-5 0.0007 0 0.029 0.2035 02099 0 221 0.78 Vertical 
0.0263 0.2062 1.829 1.26 0 0023 0.2163 0.441 0.95 
0.0278 0.2078 1.887 1.27 00044 0 2223 0.648 1.01 
0.0316 0.2120 2.040 1.29 0.0052 0 2239 0.704 1.04 
0.0324 0.2128 2.068 1.29 0 0095 0.2329 1.017 1.11 
0.0339 0.2142 2.119 1.31 0 0116 0.2361 1.128 1.15 
0 0408 0.2218 2.398 1 31 0.0155 0.2421 1.338 1.19 
00429 0.2240 2.479 1.31 0.0174 0.2449 1.436 1.20 
0.0458 0.2268 2.581 1.31 0.0218 0.2505 1.633 1.24 
0.0486 0.2294 2,680 1.32 0 0227 0.2517 1.676 1.24 
0.0251 0_25,15 1.776 1.26 
B-6 B-7 
Ref. qw a R D d) HW en Support Type Ref. qw a R D d) HW en Support Type T T 
m2ts deg m m m 
m2/s de g. m m m (I) (2l ~3l ~4l (5) (6l ~7l (8) ~9l (I) (2) (3) (4) (5) (6) (7) (8) (9) 1l392-9 0.0155 0 0.029 0.2535 0.2915 1.315 1.22 Vertical TB92-5 0.0267 0.2571 1.867 1.25 0 0196 0.2971 1.512 1.25 0.0296 0.2599 1.968 128 0.0217 01997 1.602 1.27 0.0321 0.2627 2.068 1.28 0 0254 0.3043 1.765 1.29 0.0350 0.2655 2.168 1.30 0.0309 0.3107 1.989 1.31 0.0381 0.2687 2.284 1.31 0 0361 0.3167 2.201 1.31 0.0416 0.2721 2.406 1.32 0.0367 0.3173 2,223 1.31 0.0452 0.2753 2.524 1.34 0.0401 0.3205 2.339 1.33 0.0476 0.2775 2.603 1.35 0.0446 0 3251 2.501 1.34 0.0500 0.2795 2.678 1.36 0 0502 0 3297 2 668 I 37 0.0534 0.2827 2.794 1.36 0 0537 0.3339 2.8\8 1.35 0.0573 01863 2.926 1.36 0.0545 03347 2.846 1.35 0.0637 0 2919 3.131 1.37 0 0570 0.3373 2.941 1.34 0.0686 0,2961 3.287 1.37 0.0606 0.3413 3.082 1.33 0.0715 02985 3.376 1.37 0.0659 0.3427 3.142 1.41 TB92-6 0.0107 0 0,057 0.2035 0 2353 0.560 1.10 Vertical TB92-10 0.0120 0 0.057 01535 0189\ 0.626 1.04 Vertical 0.0184 0.2479 0.783 115 0.0186 0 2999 0.817 1.08 0.0236 0.2551 0.912 L17 0.0245 0.3081 0.963 I 12 0.0294 0.2625 1.045 1.19 0 0293 0.3143 1.074 1.13 0.0344 0.2679 1.144 1.21 0 0336 0.3193 l.164 1.15 0.0376 0.2717 1.213 1.21 0.0404 0.3269 1.300 1.17 0,0417 0.2753 1.280 124 0.0465 0.3329 1.409 1.20 0.0460 0.2803 1.371 1.23 0.0509 0.3369 1,482 112 0.0483 0.2823 1.408 125 0.0539 0.3397 I 534 1.22 0 0480 0.2851 1.457 1.18 0.0568 0.3427 1.588 1.22 0.0558 0.2891 1.533 1.27 0.0622 0.3469 1.666 115 0.0606 0.2935 1.616 I 27 0.0669 0.3511 1.743 115 0.0641 0.2963 1.668 1.28 0 0706 0.3543 1.803 1.26 0.0688 0.3005 1.748 1.28 0.0740 0.3561 1.837 118 0.0718 0.3029 1.793 1.29 0.0764 0.3587 1.885 127 TB92-7 0.0076 0 0.067 0.2035 0.2291 0,383 1.08 Vertical TB92-ll 00093 0 0.067 01535 0.2841 0.458 1.01 Vertical 0.0121 0.2387 0 526 1.07 0.0121 0.2902 0.548 1.00 0.0168 0 2461 0.638 1.11 0.0187 0.3006 0.705 I 07 0 0216 0.2527 0.739 1.15 0.0227 0.3064 0792 1.08 0.0257 0.2581 0.822 1.16 0.0267 0.3118 0.874 1.10 0.0295 0.2629 0.895 118 0.0315 0.3176 0.962 1.13 0.0332 0.2673 0.963 1.19 0.0353 0.3223 1.035 1.13 0.0370 0.2716 1.029 1.20 0.0392 0.3270 1.106 1.14 0 0400 0.2750 1.081 1.20 0 0428 0.3304 1.158 1.16 0 0445 0.2796 1.154 121 0.0463 0.3335 1.207 1.18 0.0472 0.2821 I 193 122 0.0509 0.3378 1.273 1.20 0 0508 0.2860 1254 1.22 0 0537 0.3414 1.329 1.18 0 0580 0.2924 1.355 I 24 0.0573 0.3444 1.376 1.20 0.0625 0.2966 1421 I 25 0.0606 0.3478 1429 1.20 0.0688 0.3012 1.496 1.27 0.0648 0.3516 1.488 1.21 TB92-8 0.0164 0 0.079 0.2035 0.2462 0.542 1.08 Vertical TB92-12 0 0110 0 0079 01535 0 2882 0.439 1.00 Vertical 0 0198 0.2506 0.600 I 13 0 0\56 0.2968 0.549 1.01 0,0231 0.2559 0.668 112 0.0194 0.3025 0.622 1.04 0.0301 0.2651 0.788 1.14 0.0241 0 3092 0.709 1.07 0.0333 0.2686 0.834 1.15 0.0281 0 3142 0 773 1.09 0.0350 0.2710 0.864 1.15 0.0333 0.3205 0 854 1.11 0.0405 0.2771 0.945 1.16 0 0379 0.3263 0.930 1.12 0.0409 0.2773 0.947 1.17 0.0429 0 3317 1.000 1.13 0.0453 0.2823 1.014 1.17 0 0466 0.3359 1.055 1.14 0.0496 0.2873 1.079 1.17 0.0519 0.3413 1.125 1.15 0.0525 0 2890 1.102 1.20 0.0557 0.3445 I 168 1.16 0.0563 0 2921 1.144 121 0.0606 0.3491 I 229 1.17 0.0615 0 2971 1.212 I 22 0.0663 0.3539 1.293 1.19 0.0668 0.3008 1.263 124 
0.0702 03039 1.305 1.24 
B-8 
B-9 
Ref. qw a R D d) HW eo Support T:rpe 
T 
m2/s de g. m m m 
(I) (2) (3) (4) (5) (6) (7) (8) (9) 
TB92-12 0.0704 0 3573 1.338 1.20 
0.0744 0.3619 1.399 I 19 
Note : R : curvature radius of crest (see appendix A) 
Fig. B-1 -Experimental data: discharge coefficient (Experiments series TlA and TlB) 
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Fig. B-1 _ Experimental data : discharge coefficient (Experiments series Tl A and TlB) 
(B) Detailed results 
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Table B-3- Experimental data- Experiments series TIC (30°-upstream ramp) 
Ref. qw a R D d l HW eo Support Type 
T 
Ref. qw a R D dl HW eo Support Type m2/s de g. m m m 
R (ll ~2l ~~l (4l [5l ~61 (71 (Rl (91 
m2/s de g. m m m TC92-5R 0 0498 0 2360 1.066 I 19 
!I) (2) (3) (41 (51 (6) (7l (8) (9) 0.0541 0.2395 1.114 1.21 
Series TIC 0.0594 0.2460 1.201 1.19 
TC92-IR 0 0107 0 0.029 0.154 0. 1850 I 075 I 14 30•-u/s ramp 0 0623 0.2495 1.248 1.18 
0.0140 0. 1915 I 303 I 12 0.0358 0.2540 1.278 0 .65 
0 0219 0.2030 I 710 I 17 0.0732 0.2585 1.374 1.20 
0.0256 0.2080 I 889 I 17 TC92-5R 0.0070 0 0029 0 2035 0 .2270 0.812 113 30•-uts ramp 
0.0287 0.2110 1.998 I 21 0.0121 0 2365 1.143 1.18 
0 0342 0 2065 I 859 I 60 0 0192 0.2475 1.528 1.21 
0,0389 0 2215 2 382 I 26 0.0256 0 2555 1.811 1 25 
00426 0 2255 2 528 1 26 00324 0.2635 2 .096 1.27 
0.0472 0.2300 2 695 1 27 0.0360 0.2665 2.205 1.31 
0.0521 0 2360 2.913 1 24 0.0405 0.2705 2.350 1.34 
0.0565 0 2400 3.063 1.25 0.0447 0 .2760 2 .546 1.31 
0.0598 0 2430 3 175 I 26 0.0483 0 .2800 2.690 1.30 
0.0623 0.2455 3 269 I 25 00529 0 2850 2 871 I 29 
0 0677 0 2500 3 439 I 26 0 0560 0.2875 2 .963 1.31 
0.0699 0 2530 3 548 I 24 0 .0590 0 2910 3.089 I 29 
TC92-2R 0 0051 0 0.05704 0 154 0 1760 0.386 0 91 30° -uls ramp 0 0641 0 2955 3.255 1 30 
0 0081 0 1820 0493 1 01 0.0686 0 2990 3.386 1.31 
0 0115 0 1885 0 608 1.04 0.0727 0.3025 3.515 1.31 
0 0178 01985 0.787 1.10 TC92-6R 0 .0078 0 0.05704 0.2035 0 2270 0 .413 1.27 3o• -uls ramp 
0 0217 0.2050 0.904 1.09 0 0106 0.2320 0 .501 1.28 
0.0269 0.2115 1 022 1.12 0 .0156 0 2410 0 .661 1.25 
0 0304 0.2155 1.096 1.14 0 0222 0 2525 0.866 1.19 
0.0354 0 2205 1 189 1.18 0 0282 0 2595 0.992 113 
0.0392 02260 I 289 I 15 0.0330 0 2665 1.1 18 I 20 
0 0426 0 2285 1.337 I 19 0 0376 0 2715 I ,209 I 22 
0 0458 0 2320 I 402 I 19 0 0429 0.2165 1.301 I 25 
0 0502 0 2355 1.469 I 21 0 0487 0.2815 I .394 1.27 
0.0565 0 2420 I 591 I 21 0 0525 0.2865 I 485 1.25 
0 .0628 0 2475 I 697 1 22 0.0581 0.2910 L570 1.27 
0 0699 0.2540 1.821 I 23 0 0628 0.2955 1 653 1.27 
TC92-3R 0.0089 0 0.06710 0.154 0 1830 0.434 1.05 30° -uls ramp 00686 0 3010 1.756 1.27 
0 0121 0.1895 0.532 1.05 0 0718 0 3025 1.786 I 30 
0 0158 0.1960 0 631 1.07 0 0752 0 3050 I 834 1.30 
0 0206 02025 0 731 1.11 TC92-7R 0 0057 0 0 06710 0 ,2035 0 2275 0 358 0 89 30° -uls ramp 
0 0243 0.2075 0.808 1.13 0 0093 0 2345 0.463 0.99 
0 0274 0.2100 0 848 1 19 0 0113 0 2390 0 ,531 0 99 
0 0310 0 2155 0 932 I 16 0.0166 0 2485 0.674 I 01 
00354 0.2210 1.018 1.16 00217 0 2555 0 780 1.06 
0.0396 0.2255 1.089 1.18 0 0253 0 2605 0.857 1.08 
0 0447 0 2310 I 176 I 18 0 0307 0 2675 0.964 I 10 
0.0505 0.2370 1.272 I 19 0 0363 0 2740 1.064 I 12 
0.0549 0 2415 I 343 I 19 0 0416 0 2795 I 149 I 14 
0 0590 0.2470 1.429 I 16 0 0475 0 2865 I 258 I 14 
0.0645 0 2540 1.539 1.14 0 0529 0.2915 L336 1.16 
00723 0.2615 I 660 I 14 0.0573 0 2965 I 414 I 15 
TC92-4R 00055 0 0.07905 0.154 0. 1730 0 241 1.22 Jo• -uls ramp 0.0606 0.2990 I 455 1 17 
0.0083 0.1800 0 330 1 16 0 0668 0 3045 I 542 I 18 
0.0123 0 1900 0.458 I 05 0 0704 0 3080 I 597 I 18 
0 0164 0.1970 0.548 1.07 TC92-8R 0 0095 0 0 07905 0 2035 0 2355 0 406 0 .98 30• -uls ramp 
0 0222 0 2060 0.665 I 08 0.0133 0 2420 0 489 I 03 
0 0293 0.2155 0 790 I 10 0 0184 0 2495 0 585 1.09 
0 0339 0 2200 0 ,850 1.14 0.0234 0.2575 0 688 !.OR 
00386 0.2255 0 .923 1.15 0 0279 0 2630 0 760 Ill 
0.0436 0.2310 0.997 1.16 0 0327 0.2690 0 838 1.13 
B-12 B-13 
Ref. qw a R D d1 HW CD Support Type 
Ref. qw a R D d1 HW CD Support Type 
R R 
m2is de g. m m m m
2is deg. m m m 
(I) (2) (3) 14l 15l 16l l?l 18l 19l , 12 (2l (3) '4l CS) ~6) m (SJ !9l 
TC92-9R 0.0370 0.2745 0.910 1.13 TG92-12R 0.0315 0.3170 0.810 1.14 
0 0416 0.2795 0.976 1.14 0.0370 0.3230 0.888 1.17 
0.0465 0.2845 1.D42 1.15 0.0419 0.3295 0 972 1.15 
0 0506 02885 1.095 1.17 0 ,0468 0.3345 1.037 1.17 
0.0552 0.2935 1.161 1.17 0.0517 0.3390 1.097 1.19 
0.0577 02955 1.188 1.18 0.0545 0.3420 1.136 1.19 
0 0628 0.3005 1.255 1.18 0.0585 0.3455 1.182 1.20 
0.0681 0.3055 1.322 1.18 0 .0610 0 3480 1.215 1.20 
0.0713 0 3075 1.350 1.20 0.0654 0.3515 1.262 I 22 
TC92-9R 0 0055 0 0.029 0.2535 0 2755 0.759 0.98 30°-u/s ramp 0.0690 0.3545 1.302 123 
0.0113 0.2875 1.175 1.06 0.0713 0.3565 1.329 1.23 
0.0174 0.2960 1.472 1.16 
0.0227 0.3030 1.717 1,20 
0.0266 0.3085 1.910 1.20 
0.0321 0.3140 2.105 L25 Note : R : curvature radius of crest. 
0.0351 0.3175 2.228 1.25 
0.0389 0.3215 2.371 1.27 
0.0422 0.3250 2.495 L27 
0.0454 0.3285 2.620 1.27 
0 0505 0.3325 2.765 1.31 
0.0549 0.3375 2.943 1.29 
0.0593 0.3410 3.071 1.31 
0.0641 0.3455 3.233 1.31 
0.0686 0.3495 3.378 1.31 
TC92-10R 0.0061 0 0,05704 0.2535 0.2770 0.412 0.99 30° -u/s ramp 
0.0104 02860 0.571 1.04 
0.0147 0.2935 0.703 1.07 
0.0192 0.3005 0.828 1.10 
0.0251 0.3080 0.961 1.15 
0.0293 0.3135 1.060 1.16 
0.0354 0.3205 1.185 1.18 
0.0396 0.3250 1.267 1.20 
0.0436 0.3295 1.348 1.20 
0.0494 0.3355 1.457 1.21 
0.0541 0.3395 1.530 1.23 
0.0577 0.3430 1.594 1.23 
0.0606 0.3455 1.640 I 24 
0.0654 0.3495 1.714 1.25 
0.0699 0.3535 1.788 !.26 
TC92-IIR 0.0082 0 0.06710 0.2535 0.2805 0.403 1.08 30°-uls ramp 
0.0144 0.2935 0.598 1.05 
0.0199 0.3020 0.726 1.09 
0.0271 0.3115 0.870 1.13 
0.0324 0.3175 0.962 1.16 
0.0366 0.3225 1.038 1.17 
0.0416 0 3275 1.115 1.19 
0.0472 0.3335 1.207 1.20 
0.0513 0.3375 1.269 1.21 
0.0549 0.3405 1.316 1.23 
0,0577 0.3435 1.363 1.22 
0.0619 0.3470 1.418 1.24 
0,0650 0.3500 1.464 124 
0.0681 0.3525 1.504 1.25 
0.0704 0.3545 1.535 1.25 
TC92-12R 0.0030 0 0.07905 0.2535 0.2700 0.209 0.84 30°-uls ramp 
0.0116 0.2915 0.482 0.92 
0.0195 0.3015 0.610 1.08 
0.0266 0.3110 0.732 1.12 
B-14 B-15 
Fig. B-2- Experimental data- Discharge coefficient: effect of upstream ramp 
(A) Summary (Experiments series TIB and TIC) 
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(B) Complete results (Experiments series TIC) 
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Fig. B-2 - Experimental data - Discharge coeffic 
(C) Detailed results (Experiments series TIC) 
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Table B-4 - Experimental data -Experiments series QI Table B-5 - Experimental data - Experiments series QII 
Ref. Qw (X dl de rest d2 HW co t.ll K Fr llJ T>'l\ 
- Rcr Qw (X dl ucresl d2 I lW c 611 K Fr IIJType D R ]) ]) R o ]) 
m11s deg m m m m21s deg m m Ill 
(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ~ 12) (ll (2) (Jl (4) (5) ' (6) (7) (8) (9) (10) ( 11) (12) 
' Series Ql 
--:<;cncs 
Cylinder QllA 
l ~ RMI-[52] 0 0044 0,000 0 1699 0 0120 0 0040 0.455 0 98 I 18 NIA NIA NIA J 
RMI -[53] 0 0052 0 000 0 1719 0 0142 0 0042 0 501 I 01 1 00 NIA NIA NIA ASI-[11] 0 0267 0 191 0.1372 0 .0376 0 .0227 1.280 127 0.60 NIA NIA NIA 
RMI-[55] 0 0018 0,000 0 1605 0 0069 0 0026 0 240 I 06 1 55 NIA NIA NIA ASI-[11] 0 0407 0 191 0.1515 0 0491 0.0323 I 672 1 29 0 54 NIA NIA NIA 
RMI- 0 0014 0.000 0. 1586 0.0064 0 0026 0 198 1.06 I 65 NIA NIA NIA ASI-[12] 0 0332 0 191 0 1443 0.0429 0 ,0277 I 472 I 28 0 59 NIA Nil\ Nil\ 
[55i56] ASI-[12] 0 0186 0 191 0 1266 0.0304 0 0168 I 020 I 24 0 61 NiA NiA NiA 
RMI-(56] 0.0005 0 .000 0. 1543 00032 0.0011 0094 I 12 1 68 NIA Nil\ Nil\ ASI-[13] 00328 0 191 0 1442 0 ,0422 00261 I 484 I 25 0 52 Nil\ NiA Nil\ 
ASI-]13] 0 0106 0 191 0.1146 0 0209 0 0095 0 719 1. 19 0 ss NIA NiA NiA 
ASI-[14] 0 0070 0 191 0,1080 0 0164 0.0064 0 553 1.17 0 53 Nil\ NIA NiA 
ASI-[14] 0 .0053 0 191 0.1041 0.0139 0.0053 0.455 1.18 0 .61 NIA NIA NIA 
Notes: ASI-[15] 0 .0023 0 191 0 .0960 0 0089 0 0045 0 261 1.16 0 98 NIA NiA NiA 
Fr: hydraulic jump Froude number : Fr = q,~ ASI-[15] 0 ,0008 
0 191 0,0904 0,0050 0 0054 0 125 I 19 I 05 NiA NiA NiA 
RMI-[71] 0 .0397 0 191 0.1513 () 0483 0 0269 I 648 1 29 0 24 NiA Nil\ Nil\ 
RMI-[73] 0 ,0338 0 191 0 1459 () 0431 00241 I 499 1 27 0 33 NiA Nil\ Nil\ 
RM I-]76] 0 0283 0 191 0 1393 0 0375 0 0227 I 340 I 25 0 52 NIA NiA NiA 
HJ Type : type of upstream hydraulic jump as defined by CHOW ( 1973) (Note : for undular jump RMI-]78] 0 0228 0 191 0 1320 0 0328 0 0176 I 159 I 26 040 NiA NiA NiA 
RMI-]81] 0 ,0161 0 191 0 1234 0 0279 0 0110 0 933 1.23 0 09 Nil\ NiA NiA 
classification as defined by CHANSON and MONTES 1995) RMI-]83] oom 0 191 0 1189 00231 0 0129 0 810 I 25 0 68 NIA Nil\ NiA 
RMI-]86] 0 0076 0.191 0 1095 0.0171 0 0100 0 581 I 17 0 89 NiA NiA NiA 
NI A : not applicable RMI-[88] 0 0041 0 191 0 1021 0.0118 0 0058 0 399 1.13 0 88 Nil\ NiA NiA 
~ylindcr 
1. 
ASI-[03] 0 1176 0 191 0 2311 n 0968 2 629 1.35 NIA NIA NiA 
ASI-[031 0 0938 0 191 0 2145 0 0804 0 0560 2 253 I 36 0.27 Nil\ NIA Nil\ 
ASI-[04] 0 0834 0 191 0 2053 0 0742 0 0505 2 051 I 39 0 26 NiA NiA NiA 
ASI-[04] 0 0651 0 191 0 1914 0 0620 0 0420 I 733 1.40 0.35 NIA Nil\ NiA 
ASI-[04] 0,0509 0 191 0 1790 0 0514 0.0322 I 465 I 41 0 25 NiA Nil\ NiA 
ASI-[05] 0.0402 0.191 0.1678 0 0452 0 0241 I 231 1.44 O.D7 NIA NiA NiA 
ASI-[05] 0.0223 0 191 0.1525 0.0329 0 ,0131 0 9035 I 27 -0 04 NiA NiA NiA 
ASI-[16] 0.0134 0. 191 0 1407 0 0254 0 0130 0 .672 I 19 0 .74 NiA NiA NiA 
ASI-[16] 0.0211 0 191 0 1524 0 0324 0 ,908 I 19 NIA NiA NiA 
ASI-[17] 0 .0078 0 191 0 1309 0 0182 00072 0.466 I 20 0 .65 NiA NiA NIA 
ASI-[17] 0 0049 0 191 0 1245 0 0133 0 0055 0.351 I IS 0 .78 NiA Nil\ NIA 
ASI-[18] 0 0022 0 191 0 1167 0 0081 0 0051 0 200 I 19 I 01 NiA NIA NI!\ 
AS 1-[ 18] 0 0008 0 191 0 1108 0 0043 0 0049 0 .087 1.03 NIA Nil\ NIA 
RMI-[62] 0 0150 0 191 0 1438 0 0266 0.0108 0 726 1.19 0.37 NiA N/A NiA 
RMI-164] 00349 0 191 0 16R8 0 0452 0.0261 I .232 1.25 0 55 NIA NiA NiA 
RMI-166] 0.0202 0 191 0 1510 0 0316 0 0151 0 874 I 21 0 47 NIA NiA NIA 
RMI-[68] 0 0085 0.191 0 1328 0 0185 0 0088 0 497 I 19 0 76 NIA NiA NIA 
Cylinder 
l 
ASI-[06] 0 0621 0 191 0 2354 0 0599 0.0328 1.151 I 43 0 .18 NIA NiA NIA 
ASJ-[0{;] 0 0512 0 191 0 2273 0 .0529 0 0267 I .034 1.38 0.13 NiA Nil\ Nil\ 
ASI-107] 0.0470 0 .191 0 2224 00509 00239 0 960 1.42 0 .05 NiA NiA NiA 
ASI-]07] 00404 0. 191 0 2154 0 0452 00177 0 852 I 45 -041 NIA NI!\ NIA 
ASI-[08] 0 0345 0.191 0.2115 0 0428 0 0210 0.806 I 35 0:18 NIA NiA NiA 
ASI-[08] 0 0238 0 191 0 2020 0 0358 0 0128 0,(170 1 23 Nil\ NiA NIA 
ASI-[19] 0 0203 0 191 0 1999 0 0327 0 .632 1 14 NIA NiA NI!\ 
ASI-[19] 0 0132 0 ,191 0 1884 0 0248 0 0132 0.483 1.11 0 85 NiA NiA NiA 
ASI-[20] 0 0074 0 191 0 1777 0.0162 0 0088 0 324 1.13 0.90 NiA NIA NiA 
ASI-[20] 0.0043 0 .191 0 1697 0 0131 0 0044 0 230 1.11 0.79 NiA NiA NIA 
ASI-[21] 0.0022 0.191 0.1636 0.0080 0 .0065 0J49 1.08 I 03 NiA NiA NiA 
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Ref. dl dcrest d2 HW CD M! X Fr HJ Type ~Qw a dl dcrest d2 HW CD M! X Fr HJType Qw a T i5 T o i5 D 
m
2/s deg m m
2/s deg, m m m m m 
(ll (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) ~ (21 (31 (4l (S) ~61 '7l (Bl 
(9) (10) { 11) ( 12! 
0 0161 0.554 0 1207 0.0269 0 .0111 0 913 1.27 0.16 97 4 1 67 UJ-C Cylinder Rtvf1-[83] 
0.0161 0 668 0.1196 0.0267 0.0101 0 897 1.30 -0.08 78 8 1.86 UJ-D i RM1-[82] 
AS1-[09] 0.0044 0.191 0.2506 0 0131 0.0136 0 154 1.07 1 01 NIA M/A NIA Rtvf1-[82] 0 0161 0.898 0 1172 0.0271 0 .0113 0 .872 1.36 
0.23 55.7 2 20 UJ-D 
0191 0.1189 0.0231 0.0129 0 810 1.25 0 68 NIA NIA NIA 
ASI-[09] 0.0027 0.191 0 2457 0 0102 0 .0110 0 113 I 06 1.01 NIA M! A NIA Rtvfl-[83] 0.0132 0 477 0.1171 0.0235 0.0128 0 795 1.28 0,71 116.8 1.49 UJ-B 
ASI -(10) 0 0009 0.191 0 2390 0.00511 0.0057 0.056 1.03 I 01 NIA M/A NIA Rtvfl-[84] 0 0132 
Rtvf1-[85] 0 0132 0 554 0 ,1156 0 .0237 0 .0127 0 786 1.30 0.70 99 .0 I 65 UJ-B/C 
1tM1-[85] 0 0132 0 707 0 .1151 0 .0235 0 .0122 0 794 128 0.68 75 4 1.91 UJ-C 
1tM1 -[84] 0 0132 0.898 0 .1134 0.0235 0.0125 0.771 1.34 0.72 57.2 2 14 UJ-D 
Ref qw a dl dcrest d2 HW CD M! X Fr HJType Rtvfl-[86] 0 0076 0.191 0 .1095 0 0171 0 0100 0.581 I 17 0 ,89 NIA NIA NIA T o D Rtvfl-[86] 0 0076 0.477 0.1070 0,0160 0 0090 0 .559 1.24 0.85 119 4 I 50 UJ-B 
m
2/s deg m m m Rtvfl-[88] 0.0076 0.554 0 1065 0 0165 0 .0080 
0 550 I 28 0 75 103.0 1.71 UJ-B 
Rtvfl-[87] 0.0076 0.688 0.1048 0.0164 0 ,0079 0.520 1 39 0.75 82.8 1 83 UJ-C (ll (2) (3) (4) (5) (6) (7) (8) (9) {10) (11) (12) 0.0076 0 898 0.1030 0.0167 0.0073 0.514 1.41 0.68 61.8 2.02 UJ-CID Rtvf1-[87] Series Rtvfl-[88] 0 .0041 0.191 0 ,1021 0.0118 0.0058 0.399 U3 0.88 NIA NIA NIA QIIB RMI-[89] 0 .0041 0477 0.0990 0.0119 0 .0050 0.366 I 29 0 80 1214 1 53 UJ-B Cylinder Rtvf1-[90] 0 0041 0 554 0.0986 0 0114 0 0052 0.365 1.29 0 85 105.6 1.75 UJ-B 
£ RMI-[90] 0,0041 0.707 0.0969 0.0110 0 0051 0.341 I 43 0.85 82.4 1.73 UJ-B 
RMI-[62] 0.0150 0.191 01438 0.0266 0.0108 0.726 1.19 0.37 NIA NIA NIA RMJ-[89) 0.0041 0.898 0.0958 0.0107 00046 0.336 1.46 0 ,79 63.8 1.91 UJ-C 
RMI-[63] 0.0150 0.573 0.1410 0.0283 0.0113 0 710 1.23 0.49 964 1.44 UJ-C 
RMI-[64] 0.0150 0.707 0.1393 0.0272 0 0112 0.690 1.28 0.47 76.4 1.86 UJ-C 
RMI-[63] 0 .0150 0.898 0,1376 0.0268 0 0103 0 665 I 35 0.34 58.0 2.15 UJ-D/E 
RM1-[64] 0.0349 0 191 0,1688 0,0452 0,0261 1.232 1.25 0 55 NIA NIA NIA 
RMI-[65] 0,0349 0 .535 0. 1670 0.0460 0.0253 I 235 1.24 0 54 99.4 1.19 UJ-B 
RMI-[66] 0.0349 0 649 0 1658 0.0455 0 0243 1.223 1.26 048 76,1 1.66 UJ-D 
RMI-[65] 0 0349 0.898 0. 1624 0.0449 0.0251 1.183 1.33 0 55 50 0 211 UJ-D/E Notes: 
RMI-[66] 0.0202 0 191 0 1510 0.0316 0.0151 0 874 I 21 0 47 NIA NIA NIA 
Fr : hydraulic jump Froude number : Fr = qwrV g*djump 3 RMI-[67] 0.0202 0 573 0.1484 0.0320 0 0132 0 857 I 25 026 94 9 1.48 UJ-C 
RM1-[67] 0 0202 0.688 0 1473 0.0321 0 0132 0 848 I 26 0 27 76.2 1.84 UJ-D 
RMI-[67] 0.0202 0.898 0.1440 0.0318 0 0128 0.804 1.37 0.20 56.6 2.20 UJ-D HJ Type : type of upstream hydraulic jump as defined by CHOW (1973) (Note : for undular jump, 
RMI-[68] 0.0085 0 .191 0 1328 0 0185 0 0088 0.497 1.19 0.76 NIA NIA NIA 
RM1-[69] 0.0085 0.573 0 1295 0.0187 0,0075 0 482 1.25 0 .64 97.7 1.50 UJ-C 
classification as defined by CHANSON and MONTES 1995) RMI-[70] 0,0085 0 707 0.1283 0.0193 0.0086 0.474 1.28 0 .79 79.4 1.85 UJ-C 
RM1-[69] 0.0085 0.898 01269 0.0185 0.0089 0.465 1.32 0 83 61.6 2.11 UJ-C 
Cylinder NI A : not applicable 
l. 
RMI-[71] 0 0397 0. 191 0 1513 0.0483 0 0269 I 648 1.29 0.24 NIA NIA NIA 
RM1-[71] 0.0397 0.439 0.1488 0 0478 00276 1.635 1.31 0,32 ll9.3 1.25 UJ-B 
RM1-[73] 0.0397 0.497 0 1486 0 0481 0 0272 1.624 1.32 0.30 99.5 1.46 UJ-C 
RMI-[72] 0.0397 0 745 0.1461 0.0479 0 0269 1.581 1.38 0.30 57 0 !.96 UJ-D 
RMI-[72] 0 0397 0 898 0.1439 0.0478 0.0283 1.571 1.39 041 44.1 2.31 UJ-D/E 
RM1-[73] 0.0338 0.191 0 .1459 0 ,0431 0.0241 1.499 127 0 33 NIA NIA NIA 
RMI-[74] 0.0338 0 439 0 1432 0.0432 0 .0226 1.462 1.32 0.21 120 7 1.23 UJ-B 
RM1-[75] 0.0338 0 516 0.1427 0.0433 0 0238 1 461 1.32 0 33 96 ,8 1.53 UJ-C 
RM1-[75] 0 0338 0.668 0.1405 0.0428 0.0229 1.426 I 37 0.25 68 .6 1.82 UJ-D 
RM1-[74] 0.0338 0.898 0.1385 0 0430 0.0250 1.412 1.39 0.46 46.5 2.26 UJ-D 
RMI-[76] 0.0283 0 191 0 1393 0 0375 0.0227 1.340 1.25 0.52 NIA NIA NIA 
RMI-[76] 0.0283 0.458 0.1374 0.0387 0.0218 1310 1.30 0 47 115 4 1.33 UJ-B 
RM1-[78] 0 0283 0.535 0.1366 0.0379 0 0210 1.312 1.30 041 95 .1 I 58 UJ-C 
RM1-[77] 0.0283 0 668 0.1354 0 0381 0.0206 1.290 1.33 0.39 66 5 1.83 UJ-D 
RMI-[77] 0 0283 0.898 0 1434 0.0385 0.0209 1 508 0.56 48.9 2.15 UJ-D 
RMI-[78] 0.0228 0.191 0.1320 0 0328 0.0176 1.159 1.26 0.40 NIA NIA NIA 
RM1-[79] 0.0228 0 477 0.1299 0 0339 0.0163 1.133 1.30 0.29 112.2 1 42 UJ-B 
RM1-[80] 0 0228 0 554 0.1293 0 0328 0 .0163 1.120 1.32 0.29 93 9 1.65 UJ-C 
RM1-[80] 0 0228 0.668 01278 0.0324 0.0157 l.l09 1.34 0 .21 74 7 1.90 UJ-D 
RMI-[79] 0.0228 0.898 0.1261 0.0338 0.0164 I 100 1 36 0.35 52 0 2 .24 UJ-D 
RM1-[81] 0.0161 0.191 0.1234 0.0279 0.0110 0,933 1.23 0 09 NIA NIA NIA 
RM1-[81] 0.0161 0.477 0.1213 0.0282 0 0113 0.914 I 26 0.19 115.3 1.45 UJ-C 
B-21 
B-20 
Table B-6 - Experimental data - Experiments series QIII Fr: hydraulic jump Froude number: Fr = q\~ 
Ref. qw a dl de-rest d2 HW CD Llli X Fr HJType 
HJ Type: type of upstream hydraulic jump as defined by CHOW (1973) 
R D D NI A : not applicable 
m2/s deg. m m "' 
~I) ~2) ~3) ~4) ~5) 16) Pl ~8) 19) 110) 1111 112) ~ 
Series 
QlliA 
Cylinder 
1_ Fig. B-3 -Experimental data : discharge coefficient (Experiments series QI, QII, QIII) 
ASI-[35] 0.0268 0.000 0 .2959 0.0429 0.537 1.00 NIA NIA NIA 
ASI-[35] 0.0013 0.000 0.2406 0.0047 0 0040 0.059 LOO NIA NIA NIA 
ASl-[35] 0.0024 0.000 0.2467 0 .0082 0.0099 0.110 0.95 1.01 NIA NIA NIA 
ASI-[36] 0 0036 0.000 0.2533 0.0134 0 .0154 0 169 0.77 1.01 NIA NIA NIA 
ASl-[36] 0.0056 0.000 0.2563 0.0166 0 .0230 0.192 0 98 0 99 NIA NIA NIA cv 
ASI-[36] 0.0088 0.000 0.2659 0.0208 0,0184 0 274 0.90 1.02 NIA NIA NIA 7 
ASI-[37] 0.0112 0.000 0.2707 0.0253 0.318 0 92 NIA NIA NIA 
ASI-[37] 0 0152 0.000 0.2780 0.0308 0.383 0,94 NIA NIA NIA • • Cyl. 1 (Series QI) 
ASl-[37] 00184 0.000 0 2837 0.0350 0429 0.96 NIA NIA NIA 
ASI-[38] 0,0208 0.000 0.2875 0.0375 0.462 0.98 NIA NIA NIA 5 • • o Cyl. I (Series QIIA) 0 ~ 6 6 0 <> t 6 0 
lil ~· .0.\ ~ • 0 0 • • Cyl I (Series QllB) 0 0 
Ref. qw a dl dcrest d2 HW en Llli 2£ Fr HJType 3 e e>o o ~ • • o Cyl 2 (Series QIIA) R n D [3 ~ •• Ill~~ '&00 ~ 
'· 
• ••~ oo o o ( 
•• 
m2/s de g. m m m 0 o [J:><P et> CO 4 • • e Cyl. 2 (Series QllB) • • (I) ~2l ~3) ~4l ~5) ~6) 17l (8) (9) (10) ~Ill (12) OR: 6 • • 6 0 6 
Series ~ 
• Cyl. 2 (Series QlllB) 
QIIIB 0 D 
- -· -.- ... - ... -- 6 Cyl. 3 (Series QIIA) Cylinder l:il J' 
...... " .. - ... - - .. 
z. f!l 
ASI-[24] 0.0500 0.000 0.1879 0.0611 0.0404 1.599 1.21 0 70 11.93 10.34 Strong 9 ~ D Cyl. 4 (Series QIIA) 
ASI-[25] 0.0496 0.000 0.1901 0.0592 0 0415 1.637 1.16 0.77 14.80 10.69 Strong 
ASl-[25] 00492 0.000 0.1882 0.0587 0.0393 1.601 1.19 0.70 17.37 10.36 Strong • Cyl. 4 (Series QIIIA) 
ASI-[26] 0.0480 0.000 0 1863 0.0593 0.0387 1.564 1.20 0.70 19.57 10.11 Strong c HW/D 
ASI-[26] 0.0680 0.000 0.1997 0 0786 0 0513 1.865 1.31 0.62 6.49 5.06 Steady 7 .---; 
ASI-[27] 0.0668 0.000 0 2020 0.0724 0.0463 I 894 1.25 0.53 11.36 6.03 Steady 
0.2 0.4 0.6 ASI-[27] 0.0652 0 000 0.2011 00714 0.0485 1.868 1.25 063 13 27 7.58 Steady 0 0.8 1.2 1.4 1.6 
ASI-[28] 0.0640 0 .000 0.2017 0.0678 0.0460 1.877 1.22 0 60 17.47 7.42 Steady 
ASI-[28] 0.0636 0 .000 0.2005 0.0692 0.0471 1.852 1.24 0.63 20 53 7.77 Steady 
ASI-[29] 0.0856 0.000 0.2045 0.0848 0.0614 1.999 1.48 0.51 6.11 5.08 Steady 
ASl-[29] 0 0808 0.000 0.2147 0.0847 0.0545 2 168 1.24 0.54 11.17 4.19 Steady 
ASI-[30] 0 0784 0.000 0.2108 0.0813 0.0486 2.087 1.27 0.36 16.13 5.95 Steady 
ASI-[30] 0 0772 0.000 0,2134 0.0776 0.0491 2.124 1.22 0.44 18.71 5.84 Steady 
ASI-[31) 0 0760 0.000 0.2099 0.0775 0.0516 2.063 1.26 0.53 22.91 4.84 Steady 
ASI-[32] 0 0976 0.000 0.2121 0 0930 0.0610 2.174 1.49 0,31 7.72 4 26 Oscillat. 
ASI-[32] 0.0956 0.000 0.2253 0 0904 0.0558 2.397 126 0.29 11.55 3.80 Oscillat. 
ASI-[33) 0.0944 0.000 0.2222 0.0890 0.0572 2.338 1.29 0.34 14.32 4.26 Oscillat. 
ASI-[33] 0.0928 0,000 0.2201 0.0848 0 0563 2.295 1.31 0.34 17.21 5.09 Oscillat 
ASI-[34] 0.0920 0 000 0.2200 0.0845 0.0556 2.293 1.30 0 33 21.48 5.02 Oscillat. 
ASI-[39] 0.1224 0,000 0.2200 0 1107 0.0858 2 449 1.56 0.45 6.78 4.85 Oscillat. 
ASI-[39] 0 1136 0.000 0 2395 0 1101 0 0857 2.732 1.23 0.73 11 36 3.72 Oscillat. 
ASl-[40] 0.1096 0000 02418 0 1062 0.0802 2 .752 I 18 0 ,74 15.27 3 70 Oscillat 
ASl-[40) 0.1080 0.000 0.2369 0.1058 0.0721 2.669 121 0.59 20.14 3.50 Oscillat 
ASI-[41] 0.1360 0 000 0.2401 0.1277 0.1052 2.835 1.39 0.64 9 36 3.48 Oscillat. 
ASI-[41] 0.1320 0.000 0.2534 0.1241 0.0980 3.044 1.22 0.74 13.84 3.19 Oscillat. 
ASI-[42] 0 1288 0 .000 0 2544 0.1182 0.09\1 3.048 I 19 0.72 19.47 3.78 Oscillat 
ASI-[42] 0. 1280 0,000 0.2544 01189 0.0936 3.038 1.18 0.76 20.72 3.75 Oscillat. 
Notes . 
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p 
Fig. B-4- Experimental data: ratio flow depth above crest to critical depth (exp. series QI, QII, QIII) Appendix C 
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EFFECT OF UPSTREAM FLOW CONDITIONS 
ON THE DISCHARGE COEFFICIENT 
• Cyl I (Series Q~ In this section, we review the effect of the inflow conditions on the discharge characteristics of weirs 
° Cyl. 2 (Series QU (fig. c-1). More specifically, the effect of the upstream flow development on the discharge coefficient is 
• Cyl. 2 (Series Qlt detailed. The results are general and they may apply to most weir shapes . 
• Cyl. 2 (Series Qlt 
6 Cyl. 3 (Series Qn 
o Cyl. 4 (Series Qn 
Fig. C-1 -Definition sketch 
• Cyl. 4 (Series Qll 
Fig. B-5 -Experimental data : dimensionless head loss (experiments series Ql, QII, QIII) 
DH/dc 
0 
50 • • Cyl. I (Series QI) 
~ 
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40 
• Cyl. I (Series QID 
o Cyl. 2 (Series Qlli 
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6 Cyl. 3 (Series Qll C.2 Basic equation 
0 
• 10 12 
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~~ 
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° Cyl. 4 (Series Ql1 Considering the overflow above a circular weir, let us apply the Bernoulli equation along the free-
• Cyl. 4 (Series QII 
surface streamline between the upstream flow location [1) and the crest : 
2 2 
Vmax Vs 
d1 + '2"*g = D + dcrest + 2 * g (C-l) 1.6 
C-l 
B-24 
where d 1 is the upstream flow depth, D is the weir height, V max is the upstream free-surface velocity, & where Co is the discharge coefficient and HI is the upstream total head, the discharge coefficient can be 
is the gravity constant, dcrest is the flow depth on the crest and Vs is the free-surface velocity on the expressed as : 
crest (fig. C-1). 
Note that equation (C-1) makes no assumption on the pressure distribution at the weir crest Further, for 
a developing flow, the free-surface velocity is the free-stream velocity of the developing boundary layer 
C.3 Analytical development 
Assuming that the velocity distribution in the bottom boundary layer follows a power law : 
V ( )1/N 
--- r 
Vmax- o (C-2) 
where o is the boundary layer thickness, the free-surface velocity can be derived from the continuity 
equation: 
qw N+ I 
Vmax = d!* 0 
N+J--
dt 
where qw is the discharge per unit width. 
Let us assume that the free-surface velocity at the weir crest equals : 
qw 
Vs = k * dcrest 
where k is a constant of proportionality. 
(C-3) 
(C-4) 
2 2 
k2 dcrest *( N+ J l 
• 2 li 
d1 N + l --
dJ 
(C-8A) 
th t the above equation may be transformed by introducing the critical depth in rectangular Note a 
·ng hydrostatic pressure distribution : de = 2/3*(Ht·D) = 2/3*(dJ-D). And equation (C-8A) 
assuiliJ 
becomes : 
dcrest * 
cn=T 
.c,. 4 Discussion 
l 2 * dcrestJ 3*1----3 de 
2 2 
2 dcrest ( N+l l k - --2-· 0 
dl N+l-dl 
(C-8B) 
Equation (C-8) gives the expression of the discharge coefficient as a function of the ratios dcrestl( d 1-D), 
dcresJdt and o/d1, and of the coefficients k and N. 
Present experiments indicate that the ratio dcrestldc is a function of the ratio head on crest to curvature 
radius but they suggest also that it is nearly independent of the upstream flow conditions. In these 
Combining the continuity equation and the above assumptions (eq. (C-3) and (C-4)), the Bernoulli conditions, equation (C-8) implies that the discharge coefficient increases with increasing ratio o/d1 for 
equation (eq. (C-l)) becomes : 
2 2 2 2 
d I - D + qw 2 * ( N+ I o ~ = dcrest + *k : qw 2 
2 * g * d1 N + 1- dt) 2 g dcrest 
given ratios dcrestldc and dcrestldt (fig. C-2). In other words, Cn is larger for fully-developed inflow 
(C-7) conditions that for partially-developed inflows. 
Further note that the discharge coefficient is maximum for : dcresJdc = l. 
And the discharge per unit width can be expressed as : 
2 d1 - D - dcrest 
qw = 2 * g * k2 ( N + I r 
dcrest
2
- d1
2
•(N+l-:,)) 
(C-6) 
Assuming that the discharge per unit width can be approximated as : 
3/2 3/2 
qw = c0 •v/g•(~*(H 1 -D)) = c0 •v/g•(~*(d 1 -D)) (C-7) 
C-2 C-3 
p 
Fig. C-2 -Effect of bottom boundary layer development on the discharge coefficient (eq. (C-8)) Appendix D 
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FLOW CONDITIONS AT A WEIR CREST 
APPLICATION TO CIRCULAR WEIRS 
r---------------------~ 
--- HW/D=0.25, 
dcrest/d1 =0.13 
- HW/D=0.25, 
dcrest/d1 =0.53 
HW/D=1, dcrest/d1=0.s: 
In this section, we review the flow conditions at the crest of a circular weir (fig. D-1). In particular, the 
flow depth at the crest is analysed in the light of new experimental results (section 5). 
- ·- ·- HW/D=1 dcrest/d1=0 4· . . L--------·----~· Fig. D-1 • Overflow of a cucular weu 
0/dl 
/. 
0.2 Basic equations 
Hydrostatic 
pressure 
distribution 
Real 
pressure 
distribution 
Application of the Bemoulli equation between the upstream flow location [1] and the crest leads to . 
2 2 
H - d * qw - D * d * qw (D 1 1 - 1 + cx1 2 - + Acrest crest + CXcrest 2 · ) 
2*g*d1 2 *g*dcrest 
where H 1 is the mean total head, d 1 is the upstream flow depth, qw is the discharge per unit width, D is 
D-1 
~· 
I 
the weir height, g is the gravity constant, dcrest is the flow depth at the crest, Acrest is the pressureb) the flow at the crest is supercritical, and 
correction coefficient which accounts for the non-hydrostatic pressure distribution on the crest, and Ql 'tical flow takes place upstream of the crest. 
;) en 
and acres! are the kinetic energy correction coefficients of the inflow and at the crest respectively (fig,n other words, the (hydraulic) control must be located upstream of the weir crest if equation (D-6) is not 
D-1). . fi d And downstream of the control, the mean flow is supercritical. JUSte · ' 
At the crest of a cylindrical weir, the streamline curvature implies that the pressure distribution is notrew experimental results indicate that, for the experiments series QII and QIII, the ratio dcrestldc is less 
hydrostatic and that the pressure gradient is less than hydrostatic : i.e., the pressure correction
1
an unity for (H rD)IR > 0.4 (section 5 and app. B). Such observations imply that critical flow 
coefficient Acrest is less than unity (e.g. FAWER 1937, ROUVE and INDLEKOFER 1974). 
D 3 Occurrence of critical flow conditions at the crest ofcirqtlar weirs 
onditions do not occur at the weir crest but upstream of the weir crest for (H 1-D)IR > 0.4. And the flow 
, supercritical at the crest. 
If critical flow conditions take place at the weir crest, the mean specific energy at the crest must be~ 
minimum : i.e., the flow depth at the crest must satisfy : 
2 qw 
Acres! - acres! * 3 = 0 
g * dcrest 
After transformation, it yields : 
dcrest _ 
de -
(D-3) 
(D-4) 
where de is the critical flow depth in rectangular channel (assuming hydrostatic pressure distribution) : 
} r;;::y. 2 
leveloprnent No. 1 
onsidering the overflow above a circular weir, let us consider the streamline formed by the channel bed 
i.e., the upstream channel bottom and the weir invert. The Bernoulli equation along the solid boundary 
reamline, and applied between the upstream flow location [ 1] and the crest, gives : 
Pcrest Vs
2 
dJ = D + Pw*g + 2 * g (D-7) 
here d 1 is the upstream flow depth, D is the weir height, P crest is the invert pressure on the crest and 
S is the invert velocity on the crest (fig. D-1). Note that the upstream bottom velocity is typically zero. 
de= -v~- = 3• (HI -D) (D-5) 
t the crest of the circular weir, the pressure gradient is less than hydrostatic and the bottom pressure 
Note that the kinetic energy correction coefficient acrest is always larger (or equal) than unity and the.e. invert pressure) can be rewritten as: 
pressure correction coefficient Acrest is less than unity at the crest of a circular weir. For example, VO P crest = "-crest * Pw * g * dcrest (D-8) 
(1992, fig. 21) observed: Acrest = 1- 0.5*(H1-D)/R, for (HrD)IR < 2 and ventilated nappes. 
here "-crest is a invert pressure correction coefficient which is less than unity at the crest of a circular 
With acres!~ I and Acrest < I, the occurrence of critical flow conditions at the crest of a circular weirei F rth th 1 'ty d. 'b . . _,c . . r. u er eve oct tstn ut10n 1s not uuuorm and the mvert veloctty at the crest may be estimated 
(eq. (D-3)) must imply: 
dcrest 
--> 
de 
for critical flow conditions at the crest of circular weir (D.Q) 
Discussion and companson with new experimental data 
When equation (D.Q) is not satisfied : 
(a) critical flow conditions do not occur at the crest, 
D-2 
qw 
vs= k'*--
dcrest (D-9) 
llere k' is a coefficient of proportionality. k' is usually larger than unity for large weir heights (i.e. 
'R »I) as observed by several researchers (e.g. FAWER 1937, ROUVE and INDLEKOFER 1974, 
WAMlJRTHY et al. 1994). 
D-3 
After transformation, the Bemoulli equation (eq. (D-7)) becomes: 
2 
d1 - D dcrest 1 2 ( de J 
---=A •-- + -*(k') * --
de crest de 2 dcrest 
Vs2 
(D-10) - - g * R Acrest - (D-12) 
where de is the critical flow depth (eq. (D-5)). Equation (D-10) provides a relationship between the flow 
. the curvature radius of the crest. 
1here R IS 
lli equation (eq. (D-7)) becomes: 
depth at the crest, the critical flow depth, the crest invert velocity coefficient k' and local pressure 
'he Bernou 2 2 2 2 
(k') * qw (k') * qw 
dr- D = dcrest- g*R*dcrest + 2* *d 2 
g crest correction coefficient Acrest : 
--~~--------------~-----
k' = 2 * (! _ A * dcrest _ .!. * (dcJ2) • (~)2 l2 crest de 2 d 1 dcresl 
(D-13) 
(D-11) 
. tion (D-13) yields : 
.qua 
3 dcrest 1 
------· 
Equation (D-11) is plotted on figure D-2 for several ratios dcresJdc (assuming d1 >>de)· ~ 
~ 
2 de 2 
(D-14) k' 
de rest 
Fig. D-2 -Relationship between the crest invert velocity coefficient k' and the local pressure correction 1here : dcfR = 213 *(H 1-D)/R. 
coefficient A-crest (eq. (D-11)) for slow upstream flow (i.e. d1 >>de) 
k' 
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Development No. 2 
:quations (D-7) and (D-14) are developed neglecting the effects of the developing boundary layer along 
1e crest invert. RAMAMURTIIY et al. (1994) observed that the boundary layer was very thin and that 
he effects of the boundary layer were negligible . 
assuming dl >> de 
t is worth noting that equation (D-14) has a solution only when the denominator of the fraction is 
10sitive and non-zero. That is : 
·- ----- --- dcrest < .!. * .E_ l ., _R_ 
- dcresUdc=l.OS de - 2 de 4 H1- D (D-15) 
- dcresUdc=l 
A. 
crest 
\quation (D-15) is compared with experimental data on figure D-3. At low overflows (i.e. <HrD)/R < 
dcrest/dc=O. 95 
_ dcresUdc=0.90•.8), the experimental results satisfy equation (D-15). For larger overflows, the data departs from 
_ dcrest/dc=O.S quation (D-15), suggesting that the assumption underlying eq. (D-15) is not valid : i.e., at large flow 
ates, the assumption of ideal-fluid overflow is no longer valid. 
7omments 
'AWER (1937) performed very careful measurements of the velocity and pressure distributions at the 
Test of a laboratory model (table 6-1). The geometry was : D = 0.3325 m and R = 0.0325 m, and the 
low conditions were qw = 0.05033 m2/s and H 1-D = 0.0768 m. His measurements indicated : Vs = 0. 74 
A h · h fl 'd · b' nls, Vs= 1.52 m/s, dcrest = 0.0537 m and A-crest= 0.80. t t e crest mvert, t e m IS su ~ected to the gravity acceleration and to the centrifugal acceleration. 
And the local pressure correction coefficient equals : 
D-4 
'or such experimental results, equation (D-12) predicts A-crest = 0. 72 which is very close to the 
xperimental value. On the other hand, equation (D-14) does not have a solution for FAWER's 
D-5 
p 
experiment, and the experimental result dcrestldc = 1.05 cannot be predicted. 
- Title 
0 
-
f.-- ·c and Material Nonlinear Analysis of 
Geornetn . 
uct •. comprising Rectangular Hollow SectiOns Stru wrcs 
-Fig. D-3 - Dimensionless flow depth at crest: comparison between experimental data (experiments r- ·c Wheel Loads from Bridge Strains oynarru 
series Ql, QIIA and QIIA, table 2-1) and the limiting case (eq. (D-15) 
dcrest/dc 
1.5 
1.3 0 
0 
l.l 
0.9 
0.7 
0.5 
0 
\ 
0.5 
\ 
\ 
\ 
--· -
~ea<> o g 
A A A 
\. 
'\ 
Oo ~ <:1> 0 0 
b. 0 0 0 
' 
' ....... 
HWIR 1.5 
D-6 
0 
0 
0 
• 
2 
-
-
' Cyl. I (Series QI & QIIA) 
Cyl 2 (Series QIIA) 
Cyl. 3 (Series QIIA) 
Cyl. 4 (Series QIIA) 
Cyl. 4 (Series QIIIA) 
Limiting case EQ. (D-1 5) 
0 
0 0 
2.5 
-
...-
-
' 
-
i 
I 
I 
) 
) 
I 
l 
~ 
5 
5 
7 
";heel Loads from Bridge Strains -Laboratory Studies 
-: Pfi r~rnctric Study of Interface Advance Rates in 
Unconfincc.l Aquifers 
M):tnunetric Study of Embedded Cantilever Retaining 
Walls_ the Results of a Finite Element Study 
A Robust Five-Component Force Balance 
Boundary Shear Stress Management in Open Channels 
Channels 
Modt:lliug Time Dependent Deformations in Reinforced 
Concrete flcxuml Members 
A Field Investigation of the Effects of Treated Effluent 
Recharge into a Sandy Aquifer: Bribe Island 
Groundwater Study 
Alkali-silica Reaction in Concrete Structures 
A Crack-band Model for Finite Element Analysis of 
Concrete Structures 
The Importance of the Failure Criterion in the Analysis 
of Buried Pipelines 
Effects of Rail Defects on Prestressed Concrete Bridge 
Live Load Stresses 
Out-of-plane Buckling formulae for Beam-
Columns/Tie-Beams 
An Experimental Investigation of Anchor Bolts under 
Shear 
New set of Buckling Parameters for Monosymmetric 
Beam-Columns!fie-Bearns 
Limit Analysis of Welded Tee-end Connections for 
Hollow Tubes 
Flexural-Torsional Buckling of Monosymmetric Beam-
Columns/Tie-Beams 
Nonlinear Analysis of Thin-walled Structures Using 
One Element per Member 
Author(s) Date 
J(jtipornchai, S. 
January Alberrnani, F.G.A., & Chan, S.L. 1987 
O'Connor, C. & Chan, T.H.T. May 
1987 
O'Connor, C. & Chan, T.H.T. June 
1987 
Isaacs, L.T. July 
1987 
Fourie, A.B . & Potts, D.M. August 
1987 
Isaacs, L. T. & Cotton, P . December 
1987 
Isaacs, L.T. & Macintosh, J.C. February 
1988 
McAdam, P.S. & Behan, J.E. April 
1988 
Marszalek, A.S. & Isaacs, L.T. April 
1988 
Carse, A. & Dux, P.F. May 
1988 
Gajer, G. & Dux, P.F. June 
1988 
Fourie, A.B. & Beer, G. August 
1988 
Muller, J.F. & Dux, P.F. September 
1988 
J(jtipomchai, S. & Wang, C.M. October 
1988 
Ueda, T., J(jtipornchai, S., & October 
Ling, K. 1988 
Wang, C.M. & J(jtipornchai, S. November 
1988 
Stevens, N.J. & J(jtipornchai, S. November 
1988 
J(jtipornchai, S. December 
& Wang,C.M. 1988 
Albermani, F.G.A. & December 
KJtipornchai, S. 1988 
p 
CENo Title Author(s) '; ---:=:::T;::-it-;:le:::::::;:-:-=:=;::- -~-:==:-:::~A~u:th~o:::r~(s::_) ___ _j___:D~at~e~ ~--~--------------------~------------~-!~~ ~cl~~~~~~~ ~~-&~~~.s. 
98 Co-ordinate Systems for Plastic Yield Surfaces Stress Meek, J.L. & Su, Yinong D~ Integrate August 
and Strain Space Theories \I ------=~-~-=::------~--t::--::-:--::--=-: -------+--I~9~9~0~_J 
~-~----~--------------~------------~-~~-~~ h UR cl E~~a~~iliGro~HC~~~n~ fu~~A&W~~G~ . 
99 Buckling of Suspended 1-beams Dux, P.F. & Kitipornchai, S. D~ WOn tdeTunnel Studies August 1990 h 10 ~-~-------------------~------------~~~-~~clThi~W~~Me~en~ilikhltr~ Chl~CK,Allierm~~FQA& S~~mbu 
100 Depth-averaged Equations for Turbulent Free-Surface Paterson, D.A. & Apelt, C.J. De~ Sta 1 1 Shape and Flexible Web Kitipornchai, S. 1990 
flow l i_.~~~.----.----------------------~~~--~-------------t-------4 
1---~--------------------~------------+--..::-; Sin •lc-BCJU!IUO.n Yteld Surfaces for Mono-symmetric Kitipornchai, S., Zhu K September 
101 Elasto-plastic Large Deformation Analysis of Thin- Albermani, F.G.A. & ~ and Asymrnctnc Seclions Xiang, Y. & Albermani, FG.A. 1990 
walled Structures Kitipornchai, S. 1  1 - -~-4-----------------------;---------------+--·~,---~ I . fT .. T ':'! NonJinear Ana ysts o ransnusswn owers Albermani, F.G.A & October 
1990 102 On the Yield Condition and Optimum Point-wise Baker, G. w- Kitipornchai , s. 
Reinforcement for Fracturing Continua 1; 1 ~ 1---._ _________ .....:.. __________ ~------------t---~,:---, 7o'rrnex Formulation of Transmission Towers 
103 Brick Walls Spanning Vertically: A Theoretical Mull ins, P. & O'Connor, C. it~ 
Albermani, F.G.A. 
Kitipornchai, S. & Chan, S.L. 
November 
1990 
Investigation of the Capacity to Resist Out-of-plane l!_.. 
I---._W_i_n_d_L_o_a_d_s ________________ ~------------~-.i3 Elasto-plastic Analysis of Space Frames with flexible 
Joints 
Albermani, F.G.A & 
Kitipornchai, S. 
November 
1990 104 
105 
A Uniaxial Model for the Thermo-mechanical 
Behaviour of Concrete at Elevated Temperatures 
Time-dependent Shortening of Reinforced Concrete 
Columns 
Khennane, A & Baker, G. 
McAdam, P.S. & Behan, J.E. 
JL.-1~ Elasto-plnstic Lnrge Deflec tion Analysi. of Box Beam-
'olumns lnclutling Local Buckling Efrccts 
Ali-
Chan, S.L., Kitipornchai, S. & 
Albermani, F .G.A. 
November 
1990 
I~ Column Buckling Under General Loads with Xiang, Y., Wang, C.M. & December !---._ ____________________ ._ ____________ +-__ Allowances for Shear and Axial Deformations Kitipornchai, S. 1990 
Chan, H.T.T. & O 'Connor, C. So, ~m.~\...o-· j_::::_::.:::.:.-----------------t-...:...--.:._------+__::.:.::.::._--l Simple Vehicle Model for Highway Bridge Impact 106 
107 Wheel Loads from Highway Bridge Strains : Field 
studies 
Chan, H.T.T. & O'Connor, C. 
1'6 flow Around 2 Circular Cylinders Arranged Fox, T.A. December 
Perpendicular to Each Other 1990 Sepi~~~~:s==----------------------------~r--------------------+-.:._~~ 
117 A Computerized Data Acquisition System for the Ginger, J.D. & Letchford, C.W. December 1--~--------------------+------------+-- Boundary Layer Wind Tunnel 1990 
)1~~~~~------------------r----------------r----~ 108 
109 
Brick SheH Walls: Experimental Investigation of 
Brickwork-to-Concrete Interface 
Measurement of fluctuating Effects on 
Mullins, P. & O'Connor, C. 
West, G.S. & Apelt, C.J. 
1!11 Wave Set-up, Wave Run-up and Beach Water Table: 
Interaction Between Surf Zone and Ground water 
Gourlay, M.R. December 
1990 
l1 Hydraulics 
1~~~------------------------+-----------------+-----~ 1---f---------------------._------------+--y"" Ultimate Strength of Geometrically Imperfect Angle 
110 Circular Cylinder in Uniform flow at West, G.S. & Apelt, C.J. ~ Columns 
Chan, S.L. & Kitipornchai, S. April 
1991 
1~~~-------------------------;------------------+-----~ 
~--4-------------------------------+-----------------~r--n Ji1 
H 
Experiments on Smooth Cantilevered Circular Cylinders 
in a Low-turbulence Uniform Flow. PART 1: Mean 
Loading with Aspect Ratios in the range 4 to 30. 
Fox, T.A. & West, G.S. November 
1991 111 
112 
113 
114 
115 
116 
Sub-critical Reynolds Nrs: Parts 1,2,3. 
Shooting-Optimization Technique for Large Deflection 
Analysis of Structural Members 
Parametric Study on Distortional Buckling of 
Monosymmetric Beam-Columns 
Mathematical Descriptions of the Mechanical Properties 
of Skeletal Muscle: A Review 
Buckling of Columns: Allowance for Axial Shortening 
Buckling of Restrained Columns with Shear 
Deformation and Axial Shortening 
West, G.S. & Apelt, C.J. 
Wang, C.M. & Kitipornchai, S. 
Wang, C.M., Chin, C.K. & 
Kitipornchai, S. 
Gatto, F. & Swannell, P. 
Wang, C.M., Kitipornchai, S. & 
A1bermani, F.G.A. 
Wang, C.M., Xiang, Y. & 
Kitipornchai, S. 
li} Experiments on Smooth Cantilevered Circular Cylinders 
11 in a Low-turbulence Uniform Flow. PART 2: 
Fox, T.A. & West, G.S . November 
1991 
Fluctuating Loads on a Cantilever of Aspect Ratio 30. Jl~~--~--------------~------~------------------+-----~ 
I~ Wind Loads on Canopy Roofs Ginger, J .D. & Letchford, C.W. June 
1991 ~~~~----------------------------~~-----------------+------~ 
193 Air Entrainment in Chutes and Spillways 
Experiments on Smooth Cantilevered Circular Cylinders 
in a Low-turbulence Uniform Flow. PART 3: 
Fluctuating Loads with Aspect Ratios in the Range 4 to 
25. 
Chanson, H. 
Fox, T.A. & West, G.S . 
Febru~ 
1992 
April 
1992 
CENo Title Author(s) 
135 Fatigue of Prestressed Concrete Beams with Inclined Muller, J.F. & Dux, P.F. 
Strands 
136 Buckling of Thick Skew Plates Kitipornchai, S., Xiang, Y., 
Wang, C.M., & Liew, K.M. 
137 Nonlinear Analysis of Thin-Walled Structures Using Chin, C.K., Albennani, F.G.A. & 
Plate Elements Kitipornchai, S. 
138 Nonlinear Dynamic Analysis of Lattice Structures Zhu, K., Albennani, F.G.A. & 
Kitipornchai, S. 
139 Flexural Vibration of Skew Mindlin Plates with Oblique Xiang, Y., Kitipornchai, S., Liew, 
Internal Line Supports K.M. & Wang, C.M. 
140 Maximum Response of Coupled Structures Subject to a Li, B., Albermani, F.G.A. & 
Multi-component Earthquake Kitipornchai, S. 
141 Drag Reduction in Self-aerated Flows. Analogy with Chanson, H 
Dilute Polymer Solutions and Sediment Laden Flows 
142 Aeration of the Ocean Due To Plunging Breaking Chanson, H. & Cummings, P.D. 
Waves 
143 Plate Vibration with Arbitrarily Oriented Stiffners based Xiang,Y., Kitipornchai, S., 
on Mindlin-Engesser Formulation Liew, K.M. & Lim, M.K. 
144 Incorporating Uncertainty and Risk in Rainfall Based Meynink, W.J.C. & Brady, D.K. 
Flood Estimates 
145 Formex Formulation for Finite Element Analysis of Chin, S. & Albermani, F.G.A. 
Thin-Walled Structures 
146 Characteristics of Undular Hydraulic Jumps Chanson, H. 
147 Shear Effect Factor for Mindlin Plate Buckling Wang, C.M., Kitipornchai, S. & 
Xiang, Y. 
148 Field Measurements of Wave Runup and the Beach Kang, H.Y., Aseervatham, A.M. 
Watertable & Nielsen, P. 
149 Air Bubble Entrainment and Gas Transfer at Hydraulic Chanson, H. & Qiao, G.L. 
Jumps 
150 Characteristics of Plunging Breaking Waves Chanson, H. & Lee, J.F. 
151 Air-Water Interface Area in Supercritical Flows Down Chanson, H. & Cummings, P.D. 
Small-Slope Chutes 
152 Predicting the Ultimate Behaviour of Cold-Formed Lucas, R.M., Albermani, F.G.A. 
Purlin-Sheeting Systems & Kitipornchai, S. 
153 Investigation of the Gold Creek Dam Spillway, Chanson, H. & Whitmore, R.L. 
Australia 
154 Overflow Characteristics of Cylindrical Weirs Chanson, H. & Montes, J.S . 
t 
J 
I 
Se~ 
I 
' Sep 
1 
Se~ 
I 
.... 
Oc 
I 
..... 
Oc 
I 
..... 
Oc 
I 
D~:Q 
I 
D~:Q 
I' 
I 
I 
No1 
l 
No1 
I' 
JiU 
I! 
I 
I' 
At 
I' 
oa 
I! 
Feb 
I! 
!I 
I' 
Jl 
·I' 
A 
I! 
CIVIL ENGINEERING PUBLICATIONS 
[Please add $5 postage & handling to each price] 
coASTAL HYDRAULICS & SEDIMENT TRANSPORT IN A COASTAL 
sYSTEM by M.R. Gourlay & C.J. Apelt- $16.00 
75 
YEARS OF CIVIL ENGINEERING AT THE UNIVERSITY OF 
QUEENSLAND by M.R. Gourlay and J.L.F. Hacker (1985) - $5 (includes 
postage) 
EARTHMOVING OPERATIONS ANALYSIS WORKSHOP NOTES 
by D.G. Cannichael (1985)- $10.00 
piONEER RIVER ESTUARY- SEDIMENTATION STUDIES 
by M.R. Gourlay and J .L.F. Hacker (1986), 207 pages, 98 figures, hard cover. 
$20.00 
SOIL MECHANICS THEORY, COMPUTATION & LABORATORY 
PRACTICE. Major contributors: Prof. John Atkinson, Assoc.Prof. Ian Donald, Dr 
David Potts & Dr John Carter (1987)- $40.00 
PILING & RECENT DEVELOPMENTS IN DESIGN & PRACTICE 
Major contriburors: Assoc.Prof.Mark Randolph, Dr Gary Chapman, Mr Julian 
Seidel, Mr Da.vid Nolan and Mr Slav Tchepak- $45.00 
APPLICATION OF SOIL MECHANICS THEORY 
Major contributors: Prof. Jim Graham, Dr John Carter & Dr David Williams 
( 1990)- $50.00 
